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For greater dosage flexibility 


New Lasix’ (furosemide) 
20 mg Tablets offer more 
accurate ۵00081۱۱۵۱۲ of 
maintênance therapy. 


The usual dose of Lasix Tablets is 20 to 80 mg, 
administereds a single dose. Dependiñg on the 
patients response, a second.dose can be 
administered ó to 8 hours ۱۵16۲ In most degrees of 
cardiac edemardry weight can be maintained 
safely and reliably by adjusting the dose to fit your 
patient's needs. Genti monitoring of your 
patient is recommended. With doses exceeding 
80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are 
particularly advisable. 


» 


(See next page for prescribing information.) 
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XFUROSEMIDE) “~ Tablets : 


WARNING—Lasix® (furosemide) is a potent diuretic which if given in 
excessive amounts can lead to a profound diuresis with water and elec- 
trolfte depletion. Therefore, careful medical supervision is required, and 
dose and dose schedule have to be adjusted to the individual patient's 
needs. (See under *DOSAGE AND ADMINISTRATION.") 


DESCRIPTION—Lasix is an anthranilic acid derivative. Chemically, it is 
4-chloro-N-furfuryl-5-sulfamoylanthranilic acid. 


INDICATIONS—Lasix is indicated for the treatment of the edema asso- 
ciated with congestive heart failure, cirrhosis of the liver, and renal 
disease, including the nephrotic syndrome. Lasix is particularly useful 
when an agent with greater diuretic potential than that of those commonly 
employed is desired. 

Hypertension—Lasix Tablets may be used for the treatment of hyper- 
tension alone or in combination with other DEO drugs. Hyper- 
tensive patients who cannot be adequately controlled with thiazides will 
pfobably also not be adequately controllable with Lasix alone. 
CONTRAINDICATIONS —Because animal reproductive studies have shown 
that ix (furosemide) may cause fetal abnormalities, the drug is con- 

Maindicated in women of child-bearing potential. 

Lasix is confraindicated in anuria. If increasing azotemia and oliguria 

occur during freatment of severe progressive renal disease, the drug 


should be digfontinued. In hepatic coma and in states of electrolyte 
depletion, thgllapy should not be instituted until the basic condition is 
improved o rected. Lasix is contraindicated in patients with a history 


of hypersensitivity to this compound. 
Until more experience is accumulated in the pediatric use of Lasix, 
children should not be treated with the drug. 


WARNINGS-— Excessive diuresis may result in dehydration and reduction 
in blood volume, with circulatory collapse and with the possibility of vas- 
cular thrombosis and embolism, particularly in elderly patients. Excessive 
loss of potassium in patients receiving digitalis glycosides may precipitate 
digitalis toxicity. Care should also be exercised in patients receiving potas- 
sium depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initiation of therapy with 
Lasix (furosemide) is best carried out in the hospital. Sudden alterations 
of fluid and electrolyte balance in patients with cirrhosis may precipitate 
hepatic coma; therefore, strict observation is necessary during the period 
of diuresis. Supplemental potassium chloride and, if required, an aldo- 
ee antagonist are helpful in preventing hypokalemia and metabolic 
alkalosis. 

As with many other drugs, patients should be observed regularly for the 
possible occurrence of blood dyscrasias, liver damage, or other idiosyn- 
cratic reactions. 0 "ae 3 

In those instances where potassium supplementation is required, coated 
potassium tablets should be used only when adequate dietary supplemen- 
tation is not practical. . 

There have been several reports, published and unpublished, concern- 
ing nonspecific small-bowel lesions consisting of stenosis, with or without 
ulceration, associated with the administration of enteric-coated thiazides 
with potassium salts. These lesions may occur with enteric-coated potas- 
sium tablets alone or when they are used with nonenteric-coated thiazides, 
or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium salts, 
although lesions of this type also occur spontaneously. Therefore, coated 
potassium-containing formulations should be administered only when 
indicated, and should be discontinued immediately if abdominal pain, 
distention, nausea, vomiting, or gastrointestinal bleeding occurs. 

; $e with known sulfonamide sensitivity may show allergic reactions 
o Lasix. 


PRECAUTIONS—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix, especially in patients receiving higher 
doses and a restricted salt intake. Electrolyte depletion may manifest itself 
by weakness, dizziness, lethargy, leg cramps, anorexia, vomiting and/or 
mental confusion. . ^ s ; 

In edematous hypertensive patients being treated with antihypertensive 
یه‎ care should be taken to reduce the dose of these drugs when 

six is administered, since Lasix potentiates the hypotensive effect of 
antihypertensive medications. - 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in association with dehydration, which should be avoided, partic- 
ularly in patients with renal insufficiency. y 

When parenteral use of Lasix precedes its oral use, it should be kept in 
mind that cases of reversible deafness and tinnitus following the injection 
of Lasix have been reported. These adverse reactions occurred when Lasix 
was injected at doses exceeding several times the usual therapeutic dose 
of 20 to 40 mg. 

Periodic checks on urine and blood glucose should be made in dia- 
betics and even those suspected of latent diabetes when receiving Lasix. 
Increases in blood glucose, and alterations in glucose tolerance tests with 


A new reason 

to start with — 

and stay with — 
` LASIX’ (FUROSEMIDE) 





abnormalities of the fasting and two-hour postprandial sugar have been 
چ‎ and rare cases of precipitation of diabetes mellitus have been 
reported. 

Lasix (furosemide) may lower serum calcium levels, and rare cases of 
tetany have been reported. Accordingly, periodic serum calcium levels 
should be obtained. 

, Patients receiving high doses of salicylates, as in rheumatic diseases, 
in conjunction with Lasix may experience salicylate toxicity at lower doses 
because of competitive renal excretory sites. 

It has been reported in the literature that diuretics such as furosemide 
may enhance the nephrotoxicity of cephaloridine. Therefore, Lasix and 
cephaloridine should not be administered simultaneously. 

_ Sulfonamide diuretics have been reported to decrease arterial respon- 
siveness to pressor amines and to enhance the effect of tubocurarine. 
Great caution should be exercised in administering curare or its deriva- 
tives to patients undergoing therapy with Lasix, and it is advisable to 
discontinue Lasix for one week prior to any elective surgery. 


ADVERSE REACTIONS— Various forms of dermatitis, including urticaria 
and rare cases of exfoliative dermatitis, erythema multiforme, pruritus, 
paresthesia, blurring of vision, postural hypotension, nausea, vomiting, 
or diarrhea, may occur. ; 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with pur- 
pura) may occur. Rare cases of agranulocytosis have occurred which 
responded to treatment. | 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 


jaundice, thrombophlebitis and emboli (see “WARNINGS”), and acute 


pancreatitis. 

Lasix-induced diuresis may be accompanied by weakness, fatigue, light- 
headedness or dizziness, muscle cramps, thirst, increased perspiration, 
gary bladder spasm, and symptoms of urina rouen 

As far as hyperglycemia is concerned, see “PRECAUTIONS.” 


DOSAGE AND ADMINISTRATION —The usual dose of Lasix is 20 to 80 mg 
given as a single dose, preferably in the morning. Ordinarily, a prompt 
diuresis ensues. Depending on the patient's response, a second dose can 
be administered 6 to 8 hours later. This dosage and dosage schedule can 
then be maintained or even reduced. 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory; e.g., in a patient with congestive heart failure refractory to maxi- 
mal doses of thiazides, the following schedules should be used: Increase 
this dose by increments of 20 or 40 mg not sooner than 6 to 8 hours after 
the previous dose until the desired diuretic effect has been obtained. This 
individually determined single dose should then be given once or twice 
daily (e.g., at 8:00 a.m. and 2:00 p.m.). The dose of Lasix may be carefully 
titrated up to 600 mg per day in those patients with severe clinical 
edematous states. Higher doses are currently under investigation. 

The mobilization of edema may be most efficiently and safely accom- 
plished by utilizing an intermittent dosage schedule in which the diuretic 
Is given for 2 to 4 consecutive days each week. With doses oan 80 
mg/day and given for prolonged periods, careful clinical and laboratory 
observations are particularly advisable. s 

Hypertension—The usual dose of Lasix is 40 mg twice daily both for 
initiation of therapy and for maintenance. Careful observations for changes 
in blood pressure must be made when this compound is used with other 
antihypertensive drugs, especially during initial therapy. The dosage of 
other agents must be reduced by at least 50 per cent as soon as Lasix 
is added to the regimen to prevent excessive "ron in blood pressure. 
As the blood pressure falls under the potentiating effect of Lasix, a further 
reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. It is further recommended, if 40 mg twice daily 
does not lead to a clinically satisfactory response, to add other hypotensive 
agents; e.g., reserpine, rather than to increase the dose of Lasix. 

Until more experience is accumulated in the pediatric use of Lasix, 
children should not be treated with the drug. 


How Supplied—Lasix (furosemide) Tablets are supplied as white, mono- 
rammed, scored tablets of 40 mg in amber bottles of 100 (NSN 6505-00- 
62-3336), 500 (NSN 6505-00-254-5546), and unit dose 100's (20 strips of 

5) (NSN 6505-00-117-5982), and white, monogrammed, oval tablets of 

20 mg in amber bottles of 100. 


Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potenCy. PRINTED IN U. S. A. 5-74 
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standing, at rest, V-5, HR-74. 4th Minute at 2 mph, 0% Grade, 4th Minute at 3 mph (8th minute of 
\merican’s Stress Test Electrode V-5, HR-75. Base line stability is test), 0% Grade, V-5, HR-83. (The 
upplies immediate base line stability. maintained because of the electrode’s patient's ECG indicates 1 mm of S- 
[esting with a narrow, drift free base gel retaining cup and impregnated depression.) Fully shielded cable 

ine can begin as soon as the self- foam pad which is slightly oversize to and leadwire provide an effective 
idhering, silver / silver chloride elec- assure positive, continuous pressure barrier to the electrical interference 
rodes have been applied to the patient at the electrode-skin surface. The that might otherwise mask small 
nd connections made to your results: immediate onset and virtual amounts of S-T depression. 
nonitoring equipment. elimination of base line instability and 


motion artifact. 





Finally. 


An electrode/cable system _- 
- specifically designed for 
stress testing. 











Self adhering sil- 
ver/silver chloride 
electrode is pre- 
gelled and*dispos- 
able for maximum 
convenience. 
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Pinch wire connec- * 
tor furnishes posi- 
tive contact and 
visible electrode 
connections. 







Special gel fo 
tion and oversized 

gel pad delivers im- 
mediate base line 
stability and high 
signal strength. 
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1 Minute at 3 mph (12th minute 
test), 5% Grade, V-5, HR-117. 
-T depression increases to 2.5 mm.) 
ren at high work loads, the Ameri- T 
n Stress Test Electrode and fully + the el 
ielded cable system delivers a stable Eos skin; 









in; trace quality remains high, even 
se line and noise-free signal. pains who perspire heavily: 


Of | this electrode's special gel. p. Bs Quick disconnect 


^ application periods of ub ef feature enables you 
7 AS h full 
nc four isis NIS nol recon: shielded سس چا‎ 
2 in moments. 
Compare the stress test electrocardiograms We invite you to try the only 
you have been getting with those reproduced above. * electrode/cable system designed to 
There's a reason for the unusually high quality Succ stress testing. THES 
of the ECG traces shown: The patient was being shielded patient cable is adaptable to 
monitored with American’s new Stress Test your present monitoring equipment, 
Electrode and fully shielded cable system. regardless of its make. 
If you’ve been diagnosing from stress test electro- Please contact your American 


; ۱ Hospital Supply or NDM repre- 
cardiograms that display wide or unstable base lines, RET M is fof: PT een 


severe motion artifact or possible hidden S-T depression, = A complete demonstration of this 
please contact us. We think we can help. system's benefits. 


= A no obligation clinical trial. 
American will supply electrodes, 
fully shielded cables and fully 
shielded, quick disconnect lead- 
wires adaptable to your present 
monitoring equipment during the 
trial period. 


‘Examples shown were produced under clinical conditions 
during an actual stress test procedure using the American 
Stress Test Electrode system. 


| | 7 Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


@ 





= A total inservice for your staff. 


AMERI CAN HOSPITAL SUPPLY es یت ی‎ = Information about our nationwide 


technical support program. 





Div. of American Hospital Supply Corp * General Offices, 1450 Waukegan Road, McGaw Park, Illinois 60085 


l The Stress Test Electrode is protected by NDM Corporation by the following U.S. Patents; 3,696,807; 3,701,346; 3,713,435 
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It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 





DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


Based on efficacy and economy, DIUCARDIN provides a good 
beginning for many hypertensive patients. New DIUCARDIN 


cto fe eii ddr vinim 

. controlled early on 
| & e ۰ 
Diucardin 
(hydroflumethiazide 


diuretic/antihypertensive 





Neu” TABLETS 


N 


(See prescribing information on next page.) 





_ NEW FROM AYERST 


For the “healthy” hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


diuretic/antihypertensive 


(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 

The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: Hypertension: DIUCARDIN alone may provide adequate 
control in mild or moderate hypertension. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
quately, DIUCARDIN may be used in conjunction with other antihyper- 
tensive agents. 


DIUCARDIN alone or in conjunction with other antihypertensive agents 
is indicated for control of hypertension in pregnancy. (See WARNINGS) 


Edema: DIUCARDIN is indicated as adjunctive therapy in edema asso- 
ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
steroid and estrogen therapy. 


DIUCARDIN is indicated in severe edema during pregnancy. (See 
WARNINGS) 


DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e.g. nephrotic syndrome, acute glomerulo- 
nephritis, and chronic renal failure. 

CONTRAINDICATIONS: Anuria, oliguria. Hypersensitivity to 
DIUCARDIN or other sulfonamide derivatives. 

The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug may 
Occur in patients with impaired renal function. 


Use with caution in patients with impaired hepatic function or pro- 
gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 


Use with caution when hydroflumethiazide is administered in con- 
junction with other antihypertensive agents. Lowering of dosage of 
these agents is usually indicated. Thiazides potentiate ganglionic or 
peripheral adrenergic blocking drugs. 


Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 


The possibility of exacerbation or activation of systemic lupus erythe- 
matosus has been reported. 


Usage in Pregnancy and During Lactation: Thiazides cross the pla- 
cental barrier and also appear in breast milk. Consequently, they may 
cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and other adverse reactions. Therefore, the 
potentíal benefits of thiazide administration in women of childbearing 
age must be weighed against the possible hazards to the fetus or child. 
PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, i.e. hypokalemia, hyponatremia, 
and hypochloremic alkalosis. All patients taking thiazides should be 
observed for signs and symptoms of electrolyte or fluid imbalance, 
namely dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension, oli- 
guria, tachycardia, and gastrointestinal disturbances such as nausea 
and vomiting. Serum and urine electrolyte determinations are particu- 
larly important if the patient is vomiting excessively or receiving 
parenteral fluids. 


E 


If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 
coated, concentrated preparations of potassium salts. 


Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is ap- 
propriate except in rare cases when hyponatremia is life-threatening. 
In actual salt depletion, appropriate replacement should be given. 
Hypochloremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be continued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 

Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its deriva- 
tives. Caution should be exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, acute pancreatitis. 
Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplastic 
anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by alcohol, 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DiUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: Diucarpin —No. 702— Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1.000. 


References: 1. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, C.R.: Hydro- 
flumethiazide, a new oral diuretic, Lancet 2:311 (Sept.) 1959. 


A. ze | AYERST LABORATORIES 
Ayerst. New York, N.Y. 10017 


makers of 
Inder aly propranolol hydrochloride), 
Atromid-S( clofibrate), 


& Premarin( Conjugated Estrogens 
Tablets, U.S.P) 7413 


سس 
Aoc West‏ 











JULY 1974 ۰ VOLUME 34 + NUMBER 


F ۱ $ Acute: Myocardial Infarction. مت‎ 1 ۱ al in 
e re man and William w: ۳۵ : 


115 pee oma Wiliam. á Grace, Richard D Konne ly anc 
aR Nota 0 : ee 


" SPECIAL. DEPARTMENTS - 
17 Letters to the Editor —— b: 
. Operative. Treatment of Hypertrophic Obstructive Ot 
 thy—Spodicketal d 
Zr Guidelines. for Use of Balloon-Tipped Cathéter-—-Swan et 
Impulse Formation in the Left Atrium— Wit et al. Suec 
| Transvalvular Gradient in. Aortic Stenosis—Falicov et al. x 
ode ok a E. Ra Book Reviews 3 euni BUE 
ean erowitz, Jim Griffith, Arthur J . Ro oberts, Lyn J Harrison, Jr, Wal- 2 ` Reviews In: Cardiology. 
۱ ter L. Henry and Charles L. Mcintosh ” ۱ 126 American College of Cardiology News 








جک 
a © ۳ P 3i EC]‏ 
"t 1 Sè, ۲ 1 R à » od is - T Nem "hn 2 "m‏ 
ers) ۳ | 6 6 9 A |a "T ۳ h 1m Á mw) ۹۶ ۶ ۶ ۶ DP‏ 
"E‏ ۳ ی & 4 + ' i EE E‏ 4" .5 
e 6 Ga 6 ~ CORN BER ۲ 8 ۶ ۷ 121515‏ 
۳ 
X 3‏ 
In Gune a - -— =‏ 
y | e, > TE 7 y 1 ۹ fS Y :‏ 
WE D Ê‏ " ۲ | 
J Ve Ms ۱‏ 1 | 
p e Uv m.m E Ox, Wu‏ £ 
Cw‏ 
I ^ 4‏ 4 !| 
-A A "n | a a lm AN" unm b PEN 1 a » 55 d 5 |‏ 
i 5 ۱ ~ | i ۱ v ۳ | i | T ie S yj * od I ? 8 >‏ 1 
BRI 8 6.68.888 8 8 ۱‏ 
5 
~- ر “ae i | SU‏ 
b- ^ Vey ji | at 1‏ 
BV | Eg &‏ 
Lee JL x) eL»‏ ۲ 
sl x " | 4 © á‏ 
E ; 9 e | ' 6 & a. = dii.‏ 
w "- EC CY í a =‏ 4 ? 
wed ) ve & DM ۲ Á J 8 | de 1 | ] v 1 1 ) 4 d‏ 4 ? 
ee m > E tel Ki | $ "E e 9 a2‏ 1 ۱ ۱ : 4 & 
SGe tee AV eee‏ ا | لا m ۱ J‏ 
E ۰ c»‏ 
E e»‏ 1 ۱ | ۱ ۳ 
afi y | < ۳9 T SES. m 405‏ 
grer Ea Qa | Yatv 7 1 ax E , mS " = sex» < P. ۳ AR P ۱‏ 
p? A J | 8 i | 4 [| | a 4 i uf & i 2 | 1 i ۱ aD‏ 
i. | ۳ I 5 - ry‏ 1 ۲ 
b^ 4 Y LJ } ۲ 1 A ie , 1 A > E 9 A. ) ٩ 3 a ۱ |» WA B th ^p‏ 
a "‏ 1 


Quinaglute* Dura-Tabs* (quinidine gluconate) 


e produces sustained serum quinidine levels, thus 
providing a convenient 8 or 12 hour dosage schedule 

* usually insures uninterrupted therapeutic quinidine 
gluconate levels during sleep 

* avoids peaks and valleys in plasma levels during 
which time the arrhythmias may recur 

e maintains normal sinus rhythm following conversion 
by other techniques 

* well tolerated to enhance patient cooperation — 

few G.I. disturbances 


Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 


n 


contraindicated in certain patients who have marked ge ahr mall 4 
ment, particularly with congestive failure, poor renal furf€tion, and 


especially renal tubular acidosis. 

Precautions: The precautions to be observed include “all*those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered; especially during the figgt weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
risk. 

As with all quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 


of 2 tablets every 8 hours, higher blood levels than necessary for main-. 







tenance of normal sinus rhythm could be reached, whereas wit 
every 12 hours, the blood levels may be too low to maj 
sinus rhythm. 

As with other quinidine products, Quinaglute Dura-Ta 
be used during pregnancy. 
Adverse Reactions: The patient should be advised to rep mediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 
visual fields, mydriasis and respiratory distress). 

Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. If they occur, they may be minimized by admin- 
istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


OQOPCRaboratories, Inc. 


Wayne, New Jersey 07470 
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7 ۱ Plasma 6 Adenosine ine : 
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z Plasma cyclic adenosine 3'5'-monophosphate (AMP) levels were و تام‎ in 153 patients without ac 
. .. dial infarction, slightly. increased i in 35 survivors of acute myocardial infarction and abnormally hig in 
e. .vivors of acute myocardial nfarction. Such: very high levels of plasma. cyclic ANP i in patients with 
- . dial infarction, probably resulting from an » escape of the nucleotides from the tissues, have relevant but still lir 
died clinical ee. ۱ ۱ "ur a. E 








2  Phenylephrine-Induced Atypical C Chest Pain in Patients with h Prolapeing N Mitral PT a re Leaflets ۱ 


MARTIN M. LeWINTER, JEROME R. HOFFMAN, WILLIAM. & SHELL, JOEL s KARLINER and 
Rex ROBERT 4 A. O'ROURKE . OU 





tive Aortocoronary Saphenous: Vein Bypass Angiography 


19 ‘Atrial Pacing During و‎ Selecti 
۱ KENNETH B. DESSER and ALBERTO BENCHIMOL 
oF Prophylactic right atrial | pacing is valuable to prevent cardiac arrhythmias during aortegoranary graft opacifica- p ۱ s 
3 tion. In this sy 31 of 39 patent graft m caused cardiac To whereas ponte 2 of 39 تم‎ iud a KS 


stay pacing provides safety if atrioventricular block ‘develops. 





7 nesauca on pide A13 













Now, get more ntm apa n data with this advanced 3-channel 














Model 3000 - 
 ExerStress" 





CG Monitor Total System Components 


* Full line of finest quality tread- 
milis 
* Automatic blood pressure during 
stress test  — 
e Graphic write-out of heart rate, 
ST-segment, and time 
* Telemetry systems 
e DC Defibrillators 
`ê Accurate minute-by-minute update 
of O5, CO», RQ, and volume data 
during stress test 








0 e ECG Mena desided 
ou > AHA ۱( 








۰ "Full: patient I2 Seton. protection 
* Standard 12-leads, Frank leads, 

and CM leads 
e Outputs available for trend record- 


ing of heart rate and ST-segment 
* Clean artifact-free traces 





For more in formation, return the coupon below. 





Please send complete product P on the Model 3000 B, Avionics 
treadmills ÛJ, the other stress test components Û, 


C] Please have a representative contact me. | . 0 
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-AVIONICS BIOMEDICAL DIVISION i 
: Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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This study i in: ‘open hast dig preparations shows coronary flow reserve, as measured by the hyperemic r re- ٠ 
sponse to contrast medium, ‘is a complete descriptor of the effects. on. coronary. hemodynamics of single. and 
multiple stenoses in series since it closely relates to and predicts ali pressure-flow-resistance characteristics of 





^ .. à coronary artery with single or multiple stenoses. Furthermore, the resistance levels of stenoses in series ap- 


3 pear additive rather. than determined by the dominant lesion. These concepts are applicable to clinical assess- d — 
| ment of coronary stenoses or coronary hemodynamics. ۱ UGE. sh 
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. Model 660 Features: 

2-channel playback of Holter recordings‏ و 
2-channel paper writer‏ 
playback ratio (24-hour recording‏ 120:1 
scanned in 12 minutes)‏ 
Trend recording of S-T segment and heart rate‏ 
Digital display and chart recording of‏ *: '— 
p ` ventricular and supraventricular ectopic beats‏ 
Total heart beat counter‏ 
Digital display clock‏ 
Automatic time print-out on ECG write-out‏ 
Adjustable delay loop for tape deck‏ 
Solid state, modular design‏ 
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L] Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardidgraphic Systems. ۱ 


Lj Send the literature, and schedule me for a visiting demonstration. | am definitely: 
interested in acquiring this kind of equipment. 
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Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 

Model 425 Holter Monitor 

Provides a 2-channel, 24-hour ECG recording of 


ambulatory patients. 


Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 
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Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 
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56 Changes in Left Ventricular Wall Dimensions During Regional Myocardial Ischemia 
SIDNEY GOLDSTEIN and JAN WILLEM de JONG 


“v= «. During experimentally produced myocardial ischemia in 14 open chest pigs significant changes were observed 
in the isovolumic and ejection phases of systole as well as left ventricular wall thinning of 0.282 + 0.02 mm at 
end-diastole, but not in left ventricular pressure or its derived values. Myocardial wall thickness appears to be a 
better measure of local changes in myocardial function during regional myocardial ischemia than ventricular 
pressure. 


j 
\ 63 Simulated Left Atrial Tumor. A Hemodynamic, Echocardiographic and Cineangiographic Study 


~ HOWARD L. MOSCOVITZ, JOHN PANTAZOPOULOS, MONTY BODENHEIMER, MOSHE STEIER and 
+ IRA J. GELB 


Using a distensible balloon to simulate a left atrial tumor in dogs, these investigators were able to correlate the 
characteristic ventricular notch with the timing of the expulsion of the simulated tumor mass from the left ven- 
tricle into the left atrium. This notch is not solely a vibrational phenomenon but is accompanied by distinct alter- 
ations in aortic and left coronary arterial flow, including a transient systolic increment of coronary flow. 


72 Long-Term Canine Model for Echocardiography 


P. DAVID MYEROWITZ, JIM GRIFFITH, ARTHUR J. ROBERTS, LYNN J. HARRISON, Jr., 
WALTER L. HENRY and CHARLES L. McINTOSH 


A newly designed reflected ultrasound transducer sutured on the heart of dogs permits short-term open chest 
measurements and long-term echocardiographic data in the closed chest unanesthetized animal. Echocardi- 
ographic determinations of septal and left ventricular wall thickness agreed closely with results obtained at au- 
topsy. 


PEDIATRIC CARDIOLOGY 


75 Pulmonary Vascular Disease in Complete Transposition of the Great Arteries: A Study of 200 Patients 
EDGAR A. NEWFELD, MILTON H. PAUL, ALEXANDER J. MUSTER and FAROUK S. IDRISS 


Data from lung specimens of 200 patients with transposition of the great arteries show that pulmonary stenosis 
protected the lungs from progressive pulmonary vascular disease, and pulmonary arterial banding was protec- 
tive when it was performed before the child was 6 months old. A persistent large patent ductus arteriosus 
should be closed as early as possible because of its association with advanced pulmonary vascular disease. In 
patients with a large ventricular septal defect, pulmonary arterial banding or corrective surgery with closure of 
the defect should be done between the ages of 4 and 6 months to prevent progressive pulmonary vascular 
damage. 


83 Cardiac Involvement in Sandhoff's Disease. Inborn Error of Glycosphingolipid Metabolism 


LEONARD C. BLIEDEN, ROBERT J. DESNICK, JOHN B. CARTER, WILLIAM KRIVIT, 
JAMES H. MOLLER and HARVEY L. SHARP 


Two siblings with cardiomyopathy were found to have Sandhoff's disease, an inherited disorder of glyco- 
sphingolipid metabolism resulting from deficient activities of enzymes hexosaminidase A and B. This disorder 
should be considered in the differential diagnosis of infants with cardiomyopathy or mitral insufficiency. The di- 
agnosis can be established by finding globoside in the urinary sediment or measuring globoside or hexosamin- 
idase in plasma or other tissues. 


Continued on page A17 
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Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm : 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method — 
«only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


- 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by Y2 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7356 138274 


x 99. ` Sudden Unexpected Death from Cardiovascular Disease in Children. A Cooperative 
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15. : Blind Defibrillation ۱ m oe 
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Chronic disease... requires A number of drugs may interfere 
constant medication Often with the regular bowel action... antacids, 
several different drugs... anticholinergics, narcotics, 
antispasmodics, arbiturates, ۱ 
antihypertensives, antidepressants, 
tranquilizers... and many others.. 
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For the angina’ patient who 
may need more than nitroglycerin: 


Peritrate SA 


Sustained Action 
pentaerythritol tetranitrate) 80 mg 


Prolonged prophylaxis with minimum side effects. 





a CAUTION: Federal law prohibits dispensing 
U erin. 


tetranitrate: 80n mg.‏ ی 
mediate release layer and 60 .‏ 
lease base). Peritrate®.‏ £ 
irythr itol te ranitrate} is a nitric acid‏ 
rito:‏ ات a tetrah (dric alcohol‏ 


p hesed the: indications ¢ as 1 
۱ Pus E elective: Permet. 


ES med see hien see us medication: | 4n nome 
Gases’ severe. persistent headaches may. 
pa occur. 


ZEN addition, the following: adverse | re- 
. actions to nitrates such as. pentaerythritol - 
tetranitrate have been reported: in the. 


۷ iSodilátation. with tushing. 
isodes of dizziness and . 
$ well as other signs of ` 


ia associated with post ux 


‘al hypotension: mayo ao 


vom, akness,; res! ess, pall 
LE perspiratio and collapse) can occur, 
.. even with the usual therapeutic doses. 
— 57 Ajeohol | may enhance this effect. 
Dosage: Peritrate SA. Sustained Action 


(pentaerythritol tetranitrate) BO mg (b.i.d. on- 


an empty stomach), 1 tablet immediately on 
arising and 1 tablet 12 hours later 
Supplied: Peritrate. SA Sustained Action. 


l (pentaerythritol tetranitrate) 80 mg, double. 


E layer, biconvex, dark green/light green tab- 
lets in bottles of 100 and. 1000. > 
-Additional Dosage. Forms: Peritrate 20 mg— 


light green, scored tablets: Peritrate 10 mg 


light green, unscored tablets. Bottles of 100 


.. and 1000. Fufi information is available on 
i. fequest. 
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. In congestive heart failure... 


secondary aldosteronism 
ar 


How hyperaldosteronism leads to and prolongs edema 
in congestive heart failure" 
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Chronic livercongestion AMEND 
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Io "switch off" the aldosterone factor in 


d ve heart failure‏ دس 
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Aldactone 


spironolactone 25-mg. tablets 


the only specific 
aldosterone antagonist... 
basic in all diuretic therapy 





Three ways to use Aldactone in 
congestive heart failure 


1. As the only diuretic 

E Often sufficient alone. 

E Produces gradual, sustained diuresis by 

blocking aldosterone action in the distal 
renal tubule. 

E Avoids potassium loss. 


2. As the basic daily diuretic with an “add-on” 
alternate-day-diuretic ("A.D.D." schedule) 
E Can be administered daily as basic 
therapy with the additional agent 
(furosemide or ethacrynic acid) given 
every second or third day. 

E Aldactone plus "A.D.D." schedule 
minimizes potassium deficiency and 
potentiates effect of “add-on” diuretic. 

E Avoids acute volume depletion and 
aldosterone rebound.? 


3. As a daily diuretic in combination with 
a daily dose of a thiazide 

E Permits daily additive diuretic effect 
while maintaining potassium balance. 


Indications —Essential hypertension; edema or oscites of congestive heart fail- 
ure, cirrhosis of the liver and the nephrotic syndrome; idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolactone), 
particularly when given with a thiazide diuretic. 

Contraindications —Acute renal insufficiency, rapidly progressing impairment of 
renal function, anuria and hyperkalemia. 

EUM: Rr supplementation may cause hyperkalemia and is not in- 
dicated unless a glucocorticoid is also giyen. Discontinue potassium supplemen- 
tation if hyperkalemia develops. Usage of any drug in women of childbearing a 
requires that the potential benefits of the drug be weighed against its possible 
hazards to the mother and fetus. 

Precautions—Patients should be checked carefully since electrolyte imbalance 
may occur. Although usually insignificant, hyperkaterala may be serious when 
renal impairment exists; deaths have occurred. Hyponatremia, manifested by dry- 
ness of the mouth, thirst, lethargy and drowsiness, together with a low serum 
sodium may be caused or یب‎ especially when Aldactone is combined with 
other diuretics. Elevation of BUN may occur, especially when pretreatment hyper- 
azotemia exists. Mild acidosis may occur. Reduce the dosage of other antihyper- 
tensive drugs, particularly the ganglionic blocking agents, by at least 50 percent 
when adding Aldactone since it may potentiate their action. 

Adverse Reactions—Drowsiness, lethargy, headache, diarrhea and other gastro- 
intestinal symptoms, maculopapular or erythematous cutaneous eruptions, urti- 
caria, mental confusion, drug fever, ataxia, gynecomastia, inability to achieve or 
maintain erection, mild androgenic effects, including hirsutism, irregular menses 
and deepening voice. Adverse reactions are infrequent and usually reversible. 

Dosage and Administration—For essential hypertension in adults the daily 
dosage is 50 to 100 mg. in divided doses. Aldactone may be combined with a 
thiazide diuretic if necessary. Continue treatment for two weeks or longer since 
an adequate response may not occur sooner. Adjust subsequent dosage according 
to response of patient. 

For edema, ascites or effusions in adults initial daily dosage is 100 mg. in 
divided doses. Continue medication for at least five days to ی‎ diuretic 
response; add a thiazide or organic mercurial if adequate diuretic response has 
not occurred. Aldactone dosage should not be changed when other therapy is 
octets A daily dosage of Aldactone considerably greater than 75 mg. may be given 
if necessary. 

A ون‎ E such as 15 to 20 mg. of prednisone daily, may be desirable 
for patients with extremely resistant edema which does not respond adequately to 
Aldactone and a conventional diuretic. Observe the usual precautions applicable 
to glucocorticoid therapy; supplemental potassium will usually be necessary. Such 
patients frequently have an associated hyponatremia—restriction of fluid intake to 
| liter per day or administration of mannitol or urea may be necessary (these 
measures are contraindicated in patients with uremia or severely impaired renal 
function). Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless the patient 
is receiving antibiotics orally to "sterilize' the gastrointestinal tract. 

Glucocorticoids should probably be given first to patients with nephrosis since 
Aldactone, although useful for diuresis, will not directly affect the basic pathologic 
process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per pound 
of body weight. 

References: 1. Coodley, E.: Consultant 12:106-107, 109, 111, 113, 115 (July) 
1972. 2. Thorn, G. W., and Lauler, D. P.: Am. J. Med. 53:673-684 (Nov.) 1972. 
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can help keep many patients 
free from anginal attacks, 
including nocturnal at 4 
Isordil Tembids Capsules can 
also provide baseline prophy- 
laxis in the management of an- 
gina pectoris to help prevent or 
reduce the frequency and se- 
verity of attacks. The addition ۰ 
of sublingual nitrates to X. 
regimen can then provide an 
needed supplementary protec- 
tion against anginal episodes 
during periods when patients 
are most active and under more 
stress. 






*Indications: Based on a review of this drug 
by the National Academy of Sciences— National 
Research Council and/or other information, 
FDA has classified the indication as follows: 
"Possibly" effective: When taken by the oral 
route, Isordil is indicated for the relief of an- 
gina pectoris (pain of coronary artery disease). 
It is not intended to abort the acute anginal 
episode, but is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 
Final classification of the less-than-effective 
indications requires further investigation. 
















Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
۳ hypotension may occasionally develop. This 
All the nitrate thera drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 

E many other agents. An occasional individual 

mari atients ma need exhibits marked sensitivity to the hypotensive 
" effects of nitrite, and severe responses (nau- 

sea, vomiting, weakness, restlessness, pallor, 

: 2 perspiration and collapse) can occur even with 

the usual therapeutic dose. Alcohol may en- 

ase Ine Drop ۷ XIS OF hance this effect, Drug rash and/or exfoliative 


dermatitis may occasionally occur. 


most others Consult direction circular before prescribing. 
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May we send you reprints, detailed information 
and/or professional samples? 


ISORDIL Tembids Capsules, 40 mg. Eme © 
(Isosorbide dinitrate 


| LIFE, THROUGH MEDICINE 
Sustained Action Capsules, 40 mg. 
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Introducing INTROPIN (dopamine HCI) 
for the correction of hemodynamic imbalances in the shock syndrome 
due to: myocardial infarction, trauma, endotoxic septicemia, 
open heart surgery, renal failure 
and cardiac decompensation as in congestive failure. 


Complete product information and a Clinical Reprint Order Form appear on the last two pages of this advertisement. 
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without the high ris 
Intropin is indicated for the correction of hemodynamic imbalances in the shock 
syndrome due to: myocardial infarction, open heart surgery, renal failure and حور‎ 
chronic cardiac decompensation as in congestive failure. | 

The pharmacological actions of Intropin appear to differ significantly from other 
catecholamines. Over 6 years of clinical trials at more than 30 teaching 
hospitals have shown that Intropin can increase cardiac output, 


vital organ perfusion and renal flow with a low incidence of 
undesirable effects. 










INTROPIN usually will: 


increase perfusion to vital organs 
Multiclinic trials have demonstrated that Intropin provides 
adequate perfusion of vital organs. This is based upon a number 
of clinical parameters including an increase in urine flow which 
appears to be one of the better diagnostic signs of increased 
vital organ perfusion. 

At doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. 


increase urine output 
Intropin significantly increases urine flow. This is in contrast to 
most other sympathomimetic amines, which usually cause little 
or no significant increase in urine output. 

This increased urine output is due to increases in glomerular 
filtration rate and renal blood flow and is accompanied by 
increased sodium excretion. Intropin may also increase urine 


flow in patients whose urine output is within normal limits and 
may promote diuresis usually with no decrease in osmolality. 


increase cardiac output 
Intropin acts predominantly on the beta receptors of the heart to 


substantially increase contractility, stroke volume and cardiac 
output, as confirmed by invasive technique. 


increase blood pressure 

Hypotension due to inadequate cardiac output can be managed 
by administration of low to moderate doses of Intropin. Prognosis 
is better in patients whose blood pressure and urine flow have 
not undergone profound deterioration. Therefore, it is suggested 
that the physician administer Intropin as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes 
evident. 





ore output and vital organ p perfusion 
undesirable effects. 


Patients most Thal E Nd adequately to Intropin are those in whom urine flow, myo- 
cardial function and blood pressure have not undergone profound deterioration. Mul- 
ticlinic trials indicate that the shorter the time interval between onset of signs and 
symptoms and initiation of therapy with volume correction and Intropin, the bet- 
ter the prognosis. Survival rates are considerably improved when Intropin ther- 
apy is initiated within 4 hours of onset of symptoms. 
AS with all potent drugs, Intropin must be administered under close 
medical supervision. It is administered only by I.V. drip after dilution in a 
suitable |.V. solution. 


INTROPIN usually will not: 


cause excessive myocardial oxygen consumption 
Intropin produces less increase in myocardial oxygen 
consumption than isoproterenol. During administration of 
Intropin, the myocardial oxygen supply/demand ratio has usually 
remained stable. Intropin appears to meet additional myocardial 
oxygen requirements by increasing coronary flow. 


substantially increase tachyarrhythmias 
One investigator reported less than a 396 incidence of 


tachyarrhythmias in clinical trials in 270 patients. The 
tachyarrhythmias which occurred were easily managed. 


increase total peripheral resistance 
Administration of Intropin, at low and intermediate dosages, 
generally does not increase total peripheral vascular resistance. 


Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. 











Serious undesirable effects seldom occur. 


In multiclinic studies, adverse reactions necessitated 
discontinuation of Intropin therapy in only 11 (296) of 
526 patients. 


Additional product information and a Clinical Reprint Order 
Form appear on the following pages. 


B Lun eon LABORATORIES, INC. 


INT RO PIN (dopamine HCI) 


5 ml. AMPUL / FOR I.V. INJECTION 


DESCRIPTION: INTROPIN (dopamine HCl) is 3,4-dihydroxyphenethylamine hydrochlo- 
ride, a naturally-occurring biochemical catecholamine precursor of norepinephrine. 
The chemical structure is: 


HO CH,CH,NH, « HCI 


C,H,,NO, ۰ HCI HO Mol. Wt. 189.65 


Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water 
and soluble in alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of 
dopamine hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for 
Injection, USP, containing 1% sodium bisulfite as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an 
increased cardiac output. INTROPIN produces less increase in myocardial oxygen 
consumption than isoproterenol and its use is usually not associated with a tachy- 
arrhythmia. Climical studies indicate that INTROPIN usually increases systolic and 
pulse pressure with either no effect or a slight increase in diastolic pressure. Total 
peripheral resistance at low and intermediate therapeutic doses is usually unchanged. 
Blood flow to peripheral vascular beds may decrease while mesenteric flow increases. 
INTROPIN has also been reported to dilate the renal vasculature presumptively by 
activation of a “dopaminergic” receptor. This action is accompanied by increases in 
glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances 
present in the shock syndrome due to myocardial infarctions, trauma, endotoxic 
septicemia, open heart surgery, renal failure, and chronic cardiac decompensation 
as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander 
or whole blood should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physio- 
logical parameters, such as urine flow, myocardial function and blood pressure, have 
not undergone profound deterioration. Multiclinic trials indicate that the shorter the 
time interval between onset of signs and symptoms and initiation of therapy with 
volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better 
diagnostic signs by which adequacy of vital organ perfusion can be monitored. 
Nevertheless, the physician should also observe the patient for signs of reversal of 
confusion or comatose condition. Loss of pallor, increase in toe temperature, and/ 
or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before 
urine flow has diminished to levels approximating 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number of oliguric or anuric patients, administration 
of INTROPIN has resulted in an increase in urine flow which in some cases reached 
normal levels. INTROPIN may also increase urine flow in patients whose output is 
within normal limits and thus may be of value in reducing the degree of pre-existing 
fluid accumulation. It should be noted that at doses above those optimal for the 
individual patient, urine flow may decrease, necessitating reduction of dosage. 
Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—Increased cardiac output is related to INTROPIN's direct 
inotropic effect on the myocardium. Increased cardiac output at low or moderate 
doses appears to be related to a favorable prognosis. Increase in cardiac output has 
been associated with either static or decreased systemic vascular resistance (SVR). 
Static or decreased SVR associated with low or moderate increments in cardiac output 
is believed to be a reflection of differential effects on specific vascular beds with 
increased resistance in peripheral beds (e.g. femoral) and concomitant decreases 
in mesenteric and renal vascular beds. Redistribution of blood flow parallels these 
changes so that an increase in cardiac output is accompanied by an increase in 
mesenteric and renal blood flow. In many instances the renal fraction of the total 
cardiac output has been found to increase. Increase in cardiac output produced by 
INTROPIN is not associated with substantial decreases in systemic vascular resis- 
tance as may occur with isoproterenol. 


Hypotension—Hypotension due to inadequate cardiac output can be managed by 
administration of low to moderate doses of INTROPIN, which have little effect on 
SVR. At high therapeutic doses, INTROPIN's alpha adrenergic activity becomes more 
prominent and thus may correct hypotension due to diminished SVR. As in the case 
of other circulatory decompensation states, prognosis is better in patients whose 
blood pressure and urine flow have not undergone profound deterioration. Therefore, 
it is suggested that the physician administer INTROPIN as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromo- 
cytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected 
tachyarrhythmias or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inacti- 
vated in alkaline solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior 
to the administration of INTROPIN will require substantially reduced dosage. Dopa- 
mine is metabolized by MAO, and inhibition of this enzyme prolongs and potentiates 
the effect of INTROPIN. The starting dose in such patients should be reduced to at 
least one-tenth (1/10) of the usual dose. 


January, 1974 


Usage in Pregnancy—Animal studies have revealed no evidence of teratogenic 
effects from INTROPIN. The drug may be used in pregnant women when, in the 
n of the physician, the expected benefits outweigh the potential for risk to 
the fetus. 


Usage in Children—The safety and efficacy of this drug in children has not 
been established. INTROPIN has been used in a limited number of pediatric patients, 
but such use has been inadequate to fully define proper dosage and limitations for 
use. Further studies are in progress. 


PRECAUTIONS: Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

If a disproportionate rise in the diastolic pressure (i.e., a.marked decrease in the 
pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should 
be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 

Although in clinical trials inadvertent subcutaneous infiltration did not produce 
any evidence of necrosis, the usual precautions should be taken to avoi 9 asation. 

Close monitoring of the following indices—urine flow, cardiac output amd blood 
pressure—during INTROPIN infusion is necessary as in the case of any adrenergic 
agent. 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical 
evaluation of INTROPIN included ectopic beats, nausea, vomiting, tachycardia, 
anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Other adverse reactions which have been reported infrequently were aberrant con- 
duction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blood pressure. 


DOSAGE AND ADMINISTRATION: 


WARNING: THIS IS A POTENT DRUG. IT MUST BE DILUTED BEFORE ADMINISTRA- - 
TION TO PATIENT. 


Suggested Dilution—Transfer contents of one ampul (5 ml. containing 200 mg. 

INTROPIN) by aseptic technique to either a 250 ml. or 500 ml. bottle of one of the 

following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 

2) Dextrose 596 Injection, USP 

3) Dextrose (5%) and Sodium Chloride 
(0.995) Injection, USP 

4) 5% Dextrose in 0.45% Sodium Chloride 
Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 


INTROPIN has been found to be stable for a minimum of 24 hours after dilution 
in the sterile intravenous solutions listed above. However, as with all intravenous 
admixtures, dilution should be made just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline 
intravenous solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously 
through a suitable intravenous catheter or needle. An i.v. drip chamber or other 
suitable metering device is essential for controlling the rate of flow in drops/minute. 
Each patient must be individually titrated to the desired hemodynamic and/or renal 
response with INTROPIN. In titrating to the desired increase in systolic blood pres- 
sure, the optimum dosage rate for renal response may be exceeded, thus necessitat- 
ing a reduction in rate after the hemodynamic condition is stabilized. 

Administration at rates greater than 50 mcg/kg./min. have safely been used 
in advanced circulatory decompensation states. ۱۲ unnecessary fluid expansion is of 
concern, adjustment of drug concentration may be preferred over increasing the flow 
rate of a less concentrated dilution. 


Suggested Regimen: 


1. When appropriate, increase blood volume with whole blood or plasma until 
api venous pressure is 10 to 15 cm H,O or pulmonary wedge pressure is 14-18 
mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute 
INTROPIN in patients who are likely to respond to modest increments of heart force 
and renal perfusion. 

In more seriously ill patients begin administration of diluted solution at doses of 
5 mcg./kg./minute INTROPIN and increase gradually using 5 to 10 mcg./kg./minute 
increments up to 20 to 50 mcg./kg./minute as needed. If doses of INTROPIN in 
excess of 50 mcg./kg./minute are required, it is suggested that urine output be 
checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have 
shown that more than 50% of the patients were satisfactorily maintained on doses 
of INTROPIN less than 20 mcg./kg./minute. In patients who do not respond to these 
doses with adequate arterial pressures or urine flow, additional increments of IN- 
TROPIN may be employed in an effort to produce an appropriate arterial pressure 
and central perfusion. 


3. Treatment of all patients requires constant evaluation of therapy in terms of the 
blood volume, augmentation of myocardial contractility, and distribution of 
peripheral perfusion. Dosage of INTROPIN should be adjusted according to the 
patient's response. 

4. As with all potent intravenously administered drugs, care should be taken to 
control the rate of administration so as to avoid inadvertent administration of a 
bolus of drug. 

OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood 
pressure elevation, reduce rate of administration or temporarily discontinue INTRO- 
PIN until patient's condition stabilizes. Since INTROPIN's duration of action is quite 
short, no additional remedial measures are usually necessary. If these measures fail 
to stabilize the patient's condition, use of the short-acting alpha adrenergic blocking 
agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HCI per milliliter. 


ARNAR-STONE LABORATORIES, INC. 


A Subsidiary of American Hospital Supply Corporation 
Mount Prospect, Illinois 60056 


5) Dextrose (596) in Lactated Ringer's 
Solution ۹ 

6) Sodium Lactate (1/6 Molar) 
Injection, USP 

7) Lactated Ringer’s Injection, USP 
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The art of antianginal therapy 


b For centuries, treating the heart's ills has been the subtlest of 


arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


Persantine — over a decade of use 


During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris.* It may: 

eliminate or reduce the frequency of anginal attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Persantine — give enough — long enough 


The recommended dosage: 50 mg. t.i.d. atleast one hour 
before meals. Give enough, long enough — several weeks or 


longer of continuous therapy may be needed to see response. 


Ha rsa nti ne: of 25 mg. 


dipyridamole 


the non-nitrate 
coronary vasodilator 


Heart-Shaped 
Watermarks 

14th to 16th Century, 
from C. M. Briquet 
"Les Filigrans,”’ 
Leipzig, 1923. 


It was believed dur- 
ing the middle ages 
that the earth was the 
center of the universe 
and the heart was 

the center of man; all 
other organs were 
inferior and grouped 
around it. The heart 
was believed to be 
the essence of man, 
his most essential 
and noble part. In art, 
the heart was de- 
picted in a variety 

of symbols. These 
heart-shaped water- 
marks typify the sym- 
bology of the heart. 


*INDICATIONS - Based on a review of 
this drug by the National Academy of 
Science-National Research Council 
and/or other information, FDA has clas- 
sified the indication as follows: 


"Possibly" effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the 


frequency or eliminate anginal epi- 
sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 





CONTRAINDICATIONS - No specific contra- 
indications are known. 


PRECAUTIONS - Since excessive doses can 
produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS - Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or syncope, mild 
gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 
gina pectoris have been reported, usually at 
the initiation of therapy. On those uncom- 
mon occasions when adverse reactions have 
been persistent or intolerable, with- 

drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION -The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see 
the full prescribing information. 








Boehringer 
Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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- Not everybody looks for exactly the same thing in a cineradiographic film. 
That's why we're introducing three films instead of one. One emphasizes : 
fine grain. One, contrast. And one, speed. Within this range, you'll probably 

- 3-find a film that suits your eye a lot better than the film you're now using. 

Ilford Cinegram*F has an exceptional fine arain emulsion that 
produces the ultimate in image detail, gradation and resolution. It gives 
you the highest quality images without compromises. Its image-recording 
capability exceeds that of any currently available image intensifying system. 

Ilford Cinegram®C gives you higher contrast and a brilliant 
image while maintaining high resolution and exceptionally fine arain. 

Ilford Cinegram*S has an emulsion formulated to produce 
excellent image detail, contrast and resolution on systems that require 
a high speed film. | 

All of the new Ilford Cinearam*? films are designed to be used 
on the equipment you're now using. For more details, talk to your Ilford 
Man or write: Cine Services Department, Ilford Inc., 70 West Century 
Road, Paramus, New Jersey 07652. A Ciba-Geigy Co. 


Ask your liford Man about his new heart films. 


ILFORD “N 
ORO FILM " 


placed if defective No other 1 sOever 
| ? 'Obility what occept 
es ond conditions S'O'Utory express or implied eda - vr 


~ excluded. 
OPEN ONLY IN TOTAL DARKNESS. 
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4 may still be undetected 


If you're not teling or triglycerides, as well as for cholesterol, you may detect only 6 out 
of 10 patients with hyperlipidemia: Similarly, unless triglyceride status is considered 

in the selection of therapy, many patients may remain hyperlipidemic despite normali- 
zation of their cholesterol values. When you test for both triglycerides and cholesterol, 
chances are that you will detect more than 9 out of 10 patients (over 95%) with hyperlipid- 
emia: And the more hyperlipidemics you find, the more you can manage successfully. 


Atromid-S (clofibrate) provides the needed dual lipid-lowering action 

Because it helps reduce elevated cholesterol and/or triglyceride levels, ATROMID-S 

can be a valuable adjunct to diet in the treatment of patients with hypertriglyceridemia 
(Type IV) and pure hypercholesterolemia (Type Ila), as well as those with mixed hyper- 


cholesterolemia and hypertriglyceridemia (Types IIb, II and V hyperlipoproteinemia). 
See chart. 


SUITABILITY OF ATROMID-S* (clofibrate) 
FOR TREATMENT OF VARIOUS TYPES* OF HYPERLIPOPROTEINEMIA 


Estimated relative frequency Relative abnormalities of cholesterol 


Type (rounded to nearest %)! and triglyceride concentrations? - d -S 
cholesterol triglycerides 
3 42% quet + YES 
b + + + + ++ YES 
III 7% t+ 4 YES 
IV 42% T سر‎ LA YES 
V 7% + و‎ ses y YES 


"In Type I hyperlipoproteinemia, which represents approximately 2% of cases, no current drugs are effective. 


tromid 


Brand of 


clofibrate 


helps reduce elevated cholesterol 
and/or triglycerides- 
not just cholesterol alone 





IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 

WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. 
THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 


PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Hypercholesterolemia/ Hypertriglyceridemia /Atromid-S |Ayerst, 


(clofibrate) 
See last page of advertisement for prescribing information. 
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significantly lowers cholesterol and triglycerides in patients 
with elevated serum levels of both lipids’ 


Mean Values (mg. %) of CHOLESTEROL L1 TRIGLYCERIDES OOO 


j ۱ | : 2m 










Years 
No. of patients 50 [— 
42 (90000 


significantly lowers cholesterol levels 
in patients with normal triglyceride values («150 mg./100 m 


Years 
No. of patients 


Adapted from Berkowit; 


AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol : 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis or corona 
heart disease. Several years will be required before current investigations will yield an answer to this questio 
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Atromid-S (clofibrate) 


nope reduce elevated cholesterol 
and/or ances levels — 
notjust cholesterol alone 





BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Arromin-S is indicated as adjunctive therapy to diet and 
other measures for the reduction of elevated serum cholesterol (especially the 
beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 
greater depressant effect on the very low density lipoproteins (Sr 20-400) 

rich in triglycerides than the low density lipoproteins (Sr 0-20) rich in 

cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 

associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 

It has not been established whether the drug-induced lowering of serum 

cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question. 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have not demonstrated any effect attributable to 

clofibrate, it is known that serum of the rabbit fetus accumulates a higher 

concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 
the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known if clofibrate 

is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 
dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 
raise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 
AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY 
ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 

THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEED- 
ING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 

ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT 
THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 
potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of. preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 

be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, control of diabetes mellitus, etc. 

Because of the long term administration of a drug of this nature, adequate 

base line studies should be performed to determine that the patient has 

significantly elevated serum lipid levels. Frequent determinations of serum 

lipids should be obtained during the first few months of ArROMID-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 

after three months if response is inadequate. However, in the case of xanthoma 

tuberosum, the drug should be employed for longer periods (even up to one 

year) provided that there is a reduction in the size and/or number of the 

xanthomata. 

Subsequent serum lipid determinations should be done to detect a paradoxical 

rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 

seasonal variations of serum cholesterol peak elevations in midwinter and late 

summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 

lipids should be monitored until stabilized, as a rise in these values to or 

above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 

other liver function tests should be performed since the drug may produce 

abnormalities in these parameters. Hepatic biopsies are usually within normal 

limits. These effects are usually reversible when the drug is discontinued. If 


the hepatic function tests steadily rise or show excessive abnormalities, the 
drug should be withdrawn. Therefore use with caution in those patients with 
a past history of jaundice or hepatic disease. 
Clofibrate may produce "flu like" symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. 
Use with caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. 
The physician should monitor the patient with complete blood counts since 
peripheral anemia and, more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. Whether these are drug-related is 
unknown. — 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
oleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus. There 
have been occasional cases of dry, brittle hair and of alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hema- 
turia, proteinuria, decreased urine output. One patient’s renal biopsy sug- 
gested “allergic reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase 
(SGOT and SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: increased angina, peptic ulcer, gastrointestinal hemorrhage, 
rheumatoid arthritis, tremors, increased perspiration, systemic lupus erythema- 
tosus, blurred vision. 
DOSAGE AND ADMINISTRATION: Adult Dose: The recommended dosage 
for adults is one capsule (500 mg.) four times daily. 
In Children: Insufficient studies have been done in children to show safety 
and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with Atromip-S (clofibrate). The dosage of the anti- 
coagulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleed- 
ing complications. Frequent prothrombin determinations are advisable until it 
has been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
of overdosage, should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Arromip-S—No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 


References: 1. Fredrickson, D. S., et al., in Holmes, W. L., Carlson, L. A., and 
Paoletti, R.:Drugs Affecting Lipid Metabolism, New York, Plenum Press, 1969, 
vol. 4, p. 314. 2. Powell, R. C.: Resident-Intern Consultant 2:29 (June) 1973. 3. 
Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 
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Why add Librium’ (chlordiazepoxide HC) 


to your ditdicesicular regimen? 


Excessive anxiety in 
susceptible patients can 
set in motion a chain of 
responses which add to 
the heart’s work and 
thereby increase the 
possibility of cardio- 


vascular complications. Furthermore, 


intense anxiety may interfere with 
effective medical management since 
some patients, in an attempt to deny 
their illness, may resist acceptance 
of necessary medication, 
dietary restrictions 
and other therapeutic 
directives. When 
counseling and 
reassurance 

alone are inad- 
equate to 










A40 





relieve undue anxiety, ad- 
junctive Librium (chlordi- 
azepoxide HCl) may be 
. beneficial. 

۱ “Specific” for anxiety 
reduction... 

|... wide margin of safety 

Librium is used as an adjunct to 
primary cardiovascular medica- 
tions, since it acts directly on the 
central nervous system, reducing 
excessive anxiety and emotional 
tension. In so doing, Librium in- 
directly affects cardiovascular 
function. 

Librium has a high degree of 
antianxiety effectiveness with a 
wide margin of safety. In proper 
dosage, Librium usually helps calm 
the overanxious patient without 
unduly interfering with mental 
acuity or general performance. In 
the elderly and debilitated, the 1ni- 
tial dosage is 5 mg /.1.d. or less to 
preclude ataxia or oversedation, in- 





creasing gradually as needed and 
tolerated. 

Librium is used concomitantly 
with certain specific medications of 
other classes of drugs, such as car- 
diac glycosides, diuretics, antihy- 
pertensive agents, vasodilators and 
anticoagulants. Although clinical 
studies have not established a cause 
and effect relationship, physicians 
should be aware that variable effects 
on blood coagulation have been re- 
ported very rarely in patients re- 
ceiving oral anticoagulants and 
Librium. After anxiety has been 
reduced to tolerable levels, Librium 
therapy should be discontinued. 


5 mg 10 mg ™ 25 mg 

For geriatric For relief of ¢ Specifically 
patients and, mild to | for use in 

in general, for moderate severe anxiety 


milder anxiety 
degrees of i 

clinically 

significant 

anxiety 





For relief of excessive anxiety 
adjunctive 


Librium 10m 


(chlordiazepoxide HCI) 


3 

Before prescribing, please consult complete product 
information, a summary of which follows: 

Indications: Relief of anxiety and tension occurring 
alone or accompanying various disease states. 

Contraindications: Patients with known hypersensi- 
tivity to the drug. 

Warnings: Caution patients about possible com- 
bined effects with alcohol and other CNS depressants. As 
with all CNS-acting drugs, caution patients against haz- 
ardous occupations requiring complete mental alertness 
(e.g., operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 

Precautions: In the elderly and debilitated, and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overse- 
dation, increasing gradually as needed and tolerated. Not 
recommended in children under six. Though generally 
not recommended, if combination therapy with other psy- 
chotropics seems indicated, carefully consider individual 
pharmacologic effects, particularly in use of potentiating 
drugs such as MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired renal or hepatic 
function. Paradoxical reactions (e.g., excitement, stimula- 
tion and acute rage) have been reported in psychiatric 
patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with evi- 
dence of impending depression; suicidal tendencies may 
be present and protective measures necessary. Variable 
effects on blood coagulation have been reported very rarely 
in patients receiving the drug and oral anticoagulants; 
causal relationship has not been established clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion 
may occur, especially in the elderly and debilitated. 
These are reversible in most instances by proper dosage 
adjustment, but are also occasionally observed at the 
lower dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido—all infrequent and generally con- 
trolled with dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver func- 
tion tests advisable during protracted therapy. 

Supplied: Librium® Capsules containing 5 mg, 

10 mg or 25 mg chlordiazepoxide HCl. Libritabs® Tablets 
containing 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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heart of your electrocardiograph 
diagnosis is made of paper 


Accurate interpretation of analytical data pre- 
sented by your electrocardiograph and subsequent 





Why take the chance. Specify the paper designed 
and produced expressly for the manufacturer of 


proper diagnosis is manifested by the chart paper. your instrument. The cost of total assurance 
If there's a chance the chart paper is lacking in simply isn't worth the few pennies substitutes may 
quality or accuracy, an inaccurate recording may NN. 


well be the result. This message was prepared in the interest of better 


recording instrument performance by . . . 


N A 5 je uU A The Instrument Manufacturers' Chartmaker 


CORPORATION 





100 East Kinney St. ۰ Newark, N.J. 07105 ۰ (201) 589-5970 


GUBELMAN CHART DIVISION 3037 East Maria St. - Compton Calif. 90220 ۰ (213) 537-4250 
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of angina protection. 
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benefits of sublingual 
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For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


] | Acts almost as fast as 
nitroglycerin... lasts about 
4 times as long. 


0 5 10 30 1 hr. 2 hr. 





NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 
2 minutes 

approximate duration of action... 
20 to 30 minutes 





|] More stable in air than 
sublingual nitroglycerin: 

it can be stored or carried with 
no significant loss of potency. 


_] And when indicated: Sorbitrate* 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (isosor- 
bide dinitrate) is unknown, although the basic pharmacologic action 
is to relax smooth muscle. Isosorbide dinitrate reduces in number 
and severity the incidence of angina pectoris attacks, with con- 
comitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and treat- 
ment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort 
tne acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
iS indicated for patients in whom the angina pectoris is accompanied 
by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days 
of the acute phase of myocardial infarction are insufficient to estab- 
lish safety. Phenobarbital may be habit forming. 

Precautions: Should be used with caution in patients who have 
glaucoma, Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headacne which may be severe and persistent. 
Lowering the dose and using analgesics will help control the head- 
aches which usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs ‘of 
cerebral ischemia associated with postural hypotension: individual 
marked sensitivity to the hypotensive effects of nitrates wherein se- 
vere responses Can occur even with the usual therapeutic dose (alco- 
hol may enhance this effect): drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamine and other agents. 

Dosage and Administration: Route: Sublingual, oral and chewable 
tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the 
smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 4 
times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following are the generally reported ranges of 
these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours 

It is recommended that the oral dosage be taken on an empty 
stomach. 


5 STUART PHARMACEUTICALS | Div of ICI America Inc 
WILMINGTON, DEL. 19899 
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What it is: Failure or inability of your patients to 
follow your prescribed therapy. Result? Inadequate ther- 
apeutic response. Drug defaulting occurs in every 
practice. Compliance can never be assumed. Hypo- 
compliance is common in hypertension therapy and may 
be diminished or eliminated by prescribing a simple 
once-a-day dosage regimen. 


Importance in hypertension: Drug defaulting 
and poor compliance are common in hypertensive 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy 
in edema. Contraindications: Anuria, hyper- 
sensitivity to chlorthalidone; routine use of 
diuretics in an otherwise healthy pregnant 
woman with or without mild edema is contrain- 
dicated and possibly hazardous. Warnings: 
Should be used with caution in severe renal 
disease, impaired hepatic function or progres- 
sive liver disease. May be additive or potentia- 
tive of the action of other antihypertensive 
drugs. Sensitivity reactions may occur in pa- 
tients with a history of allergy or bronchial 
asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug 
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patients. Why? 


e Mild to moderate hypertension is largely asymptomatic— 
patients often feel little need to comply strictly with 


prescribed therapy. 


e Complex regimens may confuse patients—salt restric- 
tion, “no smoking," and "keep calm” advice, plus 
complex dosages, hinder compliance. 

e Asymptomatic patients on therapy see no results— 
often can't realize importance of dosage compliance. 

e Hypo-compliance—in many hypertensives — should be 
recognized as a distinct clinical problem, leading to 
sluggish or inadequate antihypertensive response and, 
perhaps, therapeutic failure. 


Significance of Hygroton (chlorthalidone) 
e Once-a-day dosage helps encourage compliance. 

e Recommended for mild to moderate hypertension. 

e Effective in lowering blood pressure. ` 
e Convenient and economical long-term therapy. 


be weighed against its possible hazards to the 
fetus. These hazards include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other 
adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the 
placental barrier and appear in cord blood and 
breast milk. Precautions: Periodic determina- 
tion of serum electrolytes to detect possible 
electrolyte imbalance should be performed at 
appropriate intervals. All patients receiving 
chlorthalidone should be observed for clinical 
signs of fluid or electrolyte imbalance; namely, 
hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 


the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis 
may also influence serum electrolytes. Hypo- 
kalemia may develop with chlorthalidone as 
with any other potent diuretic, especially with 
brisk diuresis, when severe cirrhosis is present, 
or during concomitant use of corticosteroids or 
ACTH. Interference with adequate oral electro- 
lyte intake will also contribute to hypokalemia. 
Digitalis therapy may exaggerate metabolic ef- 
fects of hypokalemia especially with reference 
to myocardial activity. Any chloride deficit is 
generally mild and usually does not require 
specific treatment except under extraordinary 
circumstances (as in liver disease or renal dis- 


for 
Sig pw ۵ 


° USV PHARMACEUTICAL MFG. CORP. 


Manati, P.R. 00701 


ease). Dilutional hyponatremia may occur in 
edematous patients in hot weather. Hyperuri- 
cemia may occur or gout precipitated in certain 
patients. Insulin requirements in diabetic pa- 
tients may be increased, decreased, or un- 
changed and latent diabetes mellitus may 
become manifest. Chlorthalidone and related 
drugs may increase the responsiveness to tu- 
bocurarine. The antihypertensive effects of the 
drug may be enhanced in the postsympathec- 
tomy patient. Chlorthalidone and related drugs 
may decrease arterial responsiveness to nor- 
epinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising non- 
protein nitrogen or blood urea nitrogen, a care- 


Hygroton 


(chlorthalidone) 


pr #60 












PHARMACEUTICALS 


ful reappraisal of therapy is necessary with 
consideration given to withholding or discontin- 
uing diuretic therapy. Chlorthalidone and re- 
lated drugs may decrease serum PBI levels 
without signs of thyroid disturbance. Adverse 
Reactions: Anorexia, gastric irritation, nausea, 
vomiting, cramping, diarrhea, constipation, 
jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, 
headache, xanthopsia; leukopenia, agranulo- 
cytosis, thrombocytopenia, aplastic anemia; 
purpura, photosensitivity, rash, urticaria, necro- 
tizing angiitis (vasculitis) (cutaneous vasculitis), 
Lyell’s syndrome (toxic epidermal necrolysis). 
Orthostatic hypotension may occur and may be 








aggravated by alcohol, barbiturates or narcot- 
ics. Other adverse reactions include hypergly- 
cemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. 
Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be re- 
duced or therapy withdrawn. Usual Dose: One 
tablet daily. How Supplied: Tablets—100 mg. 
(white, scored) and 50 mg. (aqua) in bottles of 
100 and 1000; single-dose blister packs, boxes 
of 500. 
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e assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: lf the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
Is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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VOLUME 34 
NUMBER 1 
CLINICAL STUDIES 
Long-Term Prognosis of Patients with Incomplete 
Bilateral Bundle Branch Block Complicating 
Acute Myocardial Infarction 
Role of Cardiac Pacing 
DAVID D. WATERS, MD During a 40 month period, 27 patients with acute myocardial infarction 
HENRY F. MIZGALA, MD, FRCP(C), complicated by incomplete bilateral bundle branch block were treated 
FACC with temporary transvenous pacemakers. Twelve of the 27 patients 


(44 percent) died in the hospital, 7 of cardiogenic shock, 3 of ventricu- 
lar fibrillation and 2 of other causes. Progression to complete heart 
block occurred in 9 of the 12 patients who died but was not a direct 
cause of death. Of the 15 patients who survived, 6 manifested tran- 
sient complete heart block, and 3 of these 6 were treated with perma- 
nent pacemakers although sinus rhythm later returned. Serious ven- 
tricular arrhythmias were common in the group as a whole. One of the 
15 survivors died of congestive heart failure 15 months after infarction. 
The other 14 have survived an average of 16.7 months (5 to 35 
months) after infarction, and none have manifested complete heart 
block. Four have no electrocardiographic evidence of intraventricular 
conduction disturbance and five have evidence of unifascicular block 
only. 

We conclude that (1) prophylactic temporary transvenous pace- 
maker insertion in patients with acute myocardial infarction complicat- 
ed by incomplete bilateral bundle branch block is of little value; (2) 
such patients generally do not require a permanent pacemaker; (3) 
survival is often followed by regression of the intraventricular conduc- 
tion disturbances; and (4) the prognosis appears to be good for pa- 
tients who survive the acute phase. 


Montreal, Quebec, Canada 


With the advent of routine electrocardiographic monitoring in pa- 
tients with acute myocardial infarction, statistics have rapidly accu- 


From the Division of Cardiology, Montreal Gen- mulated on the occurrence of arrhythmias and conduction distur- 
eral Hospital, Montreal, Quebec, Canada. This bances in this group of patients. Coincidentally, elucidation of the 
work was supported by a grant from the J. C. mechanisms and classification of the intraventricular conduction de- 
Edwards Foundation, Montreal, Quebec, Cana- fects by Rosenbaum! and others have led to their recognition as fre- 
da. Manuscript accepted January 30, 1974. t d : licati f t Hisl n . Al 

Address for reprints: Henry F. Mizgala MD, quent and serious comp! ications of acute myocardial infarction. Al- 
Montreal Heart Institute, 5000 Belanger St. though up to 24 percent“ of patients with acute myocardial infarction 
East, Montreal 410, Quebec, Canada. exhibit disturbances of intraventricular conduction, only 5 to 8 per- 
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TABLE | 
Clinical Data in 27 Patients with Acute Myocardial Infarction and Incomplete Bilateral Bundle Branch Block 
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Maximal Complete 
Case Age (yr) Conduction Heart Survival 
no. &Sex Previous ECG Site of Infarct Admission ECG Disturbance Block Discharge ECG Latest ECG Death (mo.) 
mean eg Ds FP ETE ead EC OBRUET oe REM Slik ی و ی‎ SL ek COO D N DP i S یی‎ qe iom EE TY UR 
1 62M Normal Ant RBBB, RBBB, No* RBBB, LAH 181 
LAH LAH LAH 
2 79M RBBB Ant RBBB RBBB, No* Day 23; 
LAH AMI, VF 
3 77M RBBB Ant RBBB, RBBB, No* Day 2; CS 
LAH LAH 
4  60F Ant RBBB RBBB, Yest Day 3; CS 
LAH 
5 63M Normal Ant, lat RBBB RBBB, Yes* Day 1: CS 
LAH 
6 70M Ant No IVCD RBBB, No* No IVCD No IVCD 11 
LAH 
7] 36M Ant, lat No IVCD RBBB, Yes* RBBB, RBBB, TH 
LAH LAH LAH 
8 50M Ant RBBB, RBBB, No* RBBB, RBBB, 13 
LAH LAH LAH LAH 
9 73M Ant LAH RBBB, No* RBBB, No 23 
LAH LAH 
10 61M Ant No 0۵ RBBB, No* LAH No IVCD 17 
LAH 
11 65M Normal Ant RBBB, RBBB, Yes* LAH LAH 16 
LAH LAH 
12 62M Ant RBBB, RBBB, Yes* Day 11; VF 
۱ LAH LAH 
13 70M RBBB, Inf, lat RBBB, RBBB, No* LAH LAH 17 
LAH LAH LAH 
1 ۴ Ant RBBB RBBB Yes} YA 43 Day 3; CS b 
15. ۳ n Ant 1°, RBBB 1°, RBBB Yest 1°, RBBB 1°, RBBB NS 301 
16 82M RBBB Ant RBBB, 1°, RBBB, No* RBBB, RBBB, 15 mo; CHF f 
LPH LPH LPH LPH 
17 69M Ant RBBB, RBBB, Yest RBBB, RBBB, 151 
LAH LAH LAH LAH 
18 68M 1°, LAH Inf LAH 1°, RBBB, No* 1°, LAH 1°, LAH 14 
LAH 
19 79M Normal Ant No IVCD 1°, RBBB Yest Day 3; CS 
20  67F LBBB Septal LBBB LBBB Yest Day 45; CHF 
(autopsy) ۱ 
21 ۰ ۴ Normal Ant LBBB LBBB Yest Day 33; 
AMI, CS 
22 79M 1°, LBBB Unknown 1°, LBBB 1°, LBBB Yes? Day 26; 
septicemia 
23 53M Normal Ant RBBB RBBB Yest Day 2;CS 
24 51M Normal Ant 1°, RBBB, 1°, RBBB, No* Day 14; VF 
LPH LPH 
25 68M Normal Ant, lat No IVCD 1°, LBBB Yes* No IVCD No IVCD 12 
26 74M Unknown 1°, LBBB LBBB, No* 1°, LBBB 1°, LBBB 34 
Mobitz II 
27 77M LBBB Ant CHB 1°, LBBB Yest 1°, LBBB 1°, LBBB 15 


ee TATT a ee A A A A a E E r an r O RTE ar 


* Prophylactic insertion of temporary transvenous pacemaker. 


T Insertion of temporary pacemaker after onset of complete heart block. 

t Permanent pacemaker. 

AMI = acute myocardial infarction; Ant = anterior; CHB = complete heart block; CHF = congestive heart failure; CS = cardiogenic 
shock; Inf = inferior; IVCD — intraventricular conduction defect; LAH = left anterior hemiblock; lat = lateral; LBBB = left bundle 
branch block; 1° = first degree atrioventricular block; LPH = left posterior hemiblock; Mobitz ۱۱ = Mobitz ۱۱ atrioventricular block; 
RBBB = right bundle branch block; VF = ventricular fibrillation. 
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cent?? have evidence of incomplete bilateral bundle 
branch block, that is, involvement of more than one 
fascicle or bundle. The mortality rate in this group 
has been reported to range from 36 to 73 percent.?~7 
Death is usually attributed to the extent of the in- 
farction and not to the conduction disturbance. Tem- 
porary transvenous pacing may prevent asystole, but 
its ultimate role in reducing mortality remains uncer- 
tain and controversial.?:9-!? 

Data reported thus far involve small numbers of 
patients and make no distinction between patients 
whose incomplete bilateral bundle branch block de- 
velops as a direct result of myocardial infarction and 
those in whom it is a preexisting condition. Also, no 
group of patients surviving the acute phase of their 
illness has been followed up long enough to define 
the long-term effects of these conduction distur- 
bances. In this communication we describe the clini- 
cal course of a group of patients with acute myocar- 
dial infarction complicated by incomplete bilateral 
bundle branch block with respect to the immediate 
and long-term prognosis and the value of temporary 
and permanent pacemakers. 


Methods 


Myocardial infarction was established by one of the fol- 
lowing criteria: (1) Pathologic Q waves associated with evo- 
lutionary ST-T changes in conjunction with either (a) a 
significant typical elevation in serum glutamic oxaloacetic 
transaminase (SGOT), lactic dehydrogenase (LDH) and 
creatine phosphokinase (CPK), or SGOT and LDH alone if 
CPK was not measured, or (b) a typical clinical history of 
myocardial infarction. (2) Evolutionary ST-T changes in 
association with both the typical history and the enzyme 
changes cited, or (3), in the presence of left bundle branch 
block, a typical clinical history with enzyme changes. 

The diagnosis of right bundle branch block and left 
bundle branch block was made in accordance with criteria 
of the American Heart Association.!? 

Left anterior hemiblock was diagnosed when (1) the 
mean QRS axis was more negative than —45?. (2) R waves 
were present in leads II and III. (3) The S wave in lead III 
was deeper than the S wave in lead II. 

Left posterior hemiblock was diagnosed when (1) the 
mean QRS axis measured between +100° and +140°. (2) 
The initial 0.04 second vector measured between +100° 
and +140°. (3) An Si1Qs pattern was present. (4) Right ven- 
tricular hypertrophy was excluded on clinical grounds. 

Incomplete bilateral bundle branch block was diagnosed 
if (1) right bundle branch block and left anterior hemiblock 
were simultaneously present. (2) Right bundle branch 
block and left posterior hemiblock were simultaneously 
present. (3) In the presence of an anterior myocardial in- 
farction, Mobitz type II second degree heart block or first 
degree heart block accompanied left or right bundle branch 
block without left anterior hemiblock. (4) In the presence 
of an anterior myocardial infarction, left or right bundle 
branch block without left anterior hemiblock progressed to 
complete heart block. If a patient met the criteria for both 
(3) and (4), his condition was classified under (4). 


Case Material 


From April 1969 to July 1972 a total of 300 patients at 
the Montreal General Hospital were treated with tempo- 


TABLE II 


Types of Incomplete Bilateral Bundle Branch 
Block and Mortality in Each Category 


Survived Died Total 

RBBB + LAH 10 5 15 
LBBB — CHB 2 3 5 
RBBB — CHB 1 3 4 
RBBB + LPH 1 1 2 
LBBB + Mobitz II 1 0 1 
Totals 15 (56%) 12 (44%) 27 


CHB = complete heart block; LAH = left anterior hemiblock; 
LBBB = left bundle branch block; LPH = left posterior hemi- 
block; Mobitz ۱۱ = Mobitz type ۱۱ atrioventricular block; RBBB 
= right bundle branch block. 


rary transvenous pacemakers for various causes. Sufficient 
information was available for adequate analysis in 297 
cases (99 percent). Of this group, 121 patients met the 
aforementioned criteria for acute myocardial infarction, 
and 27 of the 121 met our criteria for incomplete bilateral 
bundle branch block and are the subject of this retrospec- 
tive analysis. Twenty-two patients had anterior, anterolat- 
eral or septal myocardial infarction, and 2 had inferior wall 
infarction complicated by preexisting conduction distur- 
bances; in 3, the site of infarction was unknown at the time 
of admission. All patients were admitted within 24 hours of 
the onset of symptoms. During this time, we treated all pa- 
tients with acute myocardial infarction and incomplete bi- 
lateral bundle branch block with prophylactic temporary 
transvenous pacemakers whether or not there was other ev- 
idence of impending complete heart block. 

During the acute phase of myocardial infarction all pa- 
tients were electrocardiographically monitored, and daily 
12 lead electrocardiograms were recorded. When possible, 
this was carried out in the coronary care unit where a con- 
tinuous lead II was also recorded on Grass polygraph with a 
paper speed of 2.5 mm/sec. 


Results 


The clinical data of the 27 patients with incom- 
plete bilateral bundle branch block are summarized 
in Table I. Table II illustrates the various types of in- 
complete bilateral bundle branch block encountered. 
The combination of right bundle branch block and 
left anterior hemiblock, the most common conduc- 
tion disturbance, occurred in 15 patients. Left or 
right bundle branch block progressing to complete 
heart block occurred in five and four patients, respec- 
tively. Two patients had right bundle branch block 
with left posterior hemiblock, and one had left bun- 
dle branch block with Mobitz type II block. Twelve 
(44 percent) of the 27 patients died in the hospital. 
'There was no difference between the average ages of 
the patients who died and those who survived. 

Early mortality: Of the 12 who died (Fig. 1), 3 
never had complete heart block. One of these died of 
cardiogenic shock 2 days after hospitalization (Case 
3), and the other two died of ventricular fibrillation, 
one on the 14th hospital day during reinsertion of the 
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SURVIVORS DEATHS 
No CHB CHB No CHB 
9 oe 3 
PM. pre CHB P.M.postCHB 
3% 3 2 


pacemaker catheter (Case 24) and the other on the 
23rd hospital day immediately after another myocar- 
dial infarction (Case 2). Nine of the 12 who died 
manifested complete heart block during the course of 
their illness. Two of these nine had prophylactic 
pacemakers in place when complete heart block first 
developed, one of them died of cardiogenic shock on 
the first hospital day (Case 5) and the other died of 
recurrent refractory ventricular fibrillation 11 days 
after admission (Case 12). The other seven had pace- 
makers inserted after complete heart block had ap- 
peared. None of them died of complete heart block or 
within the first 24 hours after its occurrence. Four of 
these seven patients died of cardiogenic shock at 
least 2 days after the onset of complete heart block 
(Cases 4, 14, 19 and 23), one of refractory congestive 
cardiac failure on the 45th hospital day (Case 20), 
one of pneumonia and septicemia on the 26th day 
(Case 22) and one of cardiogenic shock after a second 
myocardial infarction on the 33rd day (Case 21) 
(Table I). 

Surviving patients: Fifteen of the 27 patients 
with acute myocardial infarction and incomplete bi- 
lateral bundle branch block survived to leave the hos- 
pital. Six of these 15 (40 percent) had complete heart 
block during hospitalization. Three had a temporary 
pacemaker in place before the occurrence of complete 
heart block and three had a pacemaker inserted after 
its occurrence. Two of the six survivors who had com- 
plete heart block and one of the nine survivors who 
had only incomplete bilateral bundle branch block 
received permanent pacemakers before discharge. In 
10 of the entire group of 27 patients, complete heart 
block developed before a temporary pacemaker was 
inserted (Table III). In 4 of these 10, the unifascicu- 
lar block progressed directly to complete trifascicular 
block. In four others, complete heart block was pres- 
ent when myocardial infarction was first diagnosed 
and, in the remaining two, the progression from in- 
complete bilateral bundle branch block to complete 
heart block occurred before a prophylactic pacemak- 
er could be inserted. 

Follow-up studies: Of the 15 patients who were 
discharged from the hospital, 14 were still alive at 


ag par 


~ 
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FIGURE 1. Frequency of complete heart block 
and number of deaths in 27 patients with acute 
myocardial infarction and incomplete bilateral 
bundle branch block. Asterisk indicates patients 
who may have benefited from prophylactic tem- 
porary transvenous pacemaker insertion. CHB 
7 = complete heart block; P.M. = pacemaker. 


follow-up study 5 to 35 months later (average 16.7 
months). The remaining patient, an 82 year old man 
with right bundle branch block and left posterior 
hemiblock, died at home of severe congestive heart 
failure 15 months after discharge. Right bundle 
branch block in this patient antedated the infarct, 
but left posterior hemiblock developed during the in- 
farction. Three of the surviving 15 patients received 
permanent pacemakers before discharge, and all 3 
have since experienced conversion to sinus rhythm. 
With the exception of one patient who manifested 
transient complete heart block at the level of the atri- 
oventricular node after a subsequent inferior myocar- 
dial infarction, the remaining 12 survivors have not 
experienced complete heart block. In fact, the trend 
has been toward regression of the intraventricular 
conduction defects (Table IV). Of the 15 survivors, 6 
had complete heart block during the acute stage and 
9 had evidence of incomplete bilateral bundle branch 
block. At discharge, none had complete heart block, 
five had incomplete bilateral bundle branch block, 
four unifascicular block and three normal intraven- 
tricular conduction. At the time of the latest follow- 
up study, no patient had complete heart block, three 
had incomplete bilateral bundle branch block, five 
unifascicular block and four normal intraventricular 
conduction. The three patients with a permanent 
pacemaker had normal sinus rhythm at the latest fol- 
low-up study. One had right bundle branch block and 
left anterior hemiblock (Case 17), one right bundle 
branch block and first degree heart block (Case 15) 
and one had left anterior hemiblock only (Case 1). 


Discussion 


The reported mortality rates in acute myocardial 
infarction complicated by incomplete bilateral bun- 
dle branch block have been 36,’ 60,9 63,’ 68.7? and 
70° percent (Table V). Our figure of 44 percent may 
appear low because all patients were admitted within 
24 hours of the onset of symptoms and the data in- 
clude only patients treated with a temporary transve- 
nous pacemaker. In contrast, data in other series 
were obtained from all patients admitted to the coro- 
nary care unit. However, progression to complete 











TABLE Hi 


Reasons for Inserting Pacemaker After Onsetof |. 


oo Complete Heart Block 


Unifascicular block — CHB directly . 

CHB present when AMI diagnosed ya 

Rapid progression — IBBBB - — CHB 
-Tolpis | a on 4A Se d 


on Bop 


AOT A en 


A AMi deme acute El infarction: CHB = S heart 
ae block; IBBBB = = E bilateral bundle branch block. 


| heart: ek ee in 156 erunt òf our patients, a 


figure comparable with the: rates of 21,’ T a and 767 


p reported by others. —. 
` Benefit of prophylactic igmpirary. pacing: Pre. 


`` vious authors?-97-1! have been divided on the ques- — 
. tion of prophylactic temporary transvenous pace- ۱ 
B maker insertion in these patients. Although. itis our 
LN policy’ to insert prophylactic temporary pacemakers 
in all patients with acute myocardial infarction as. 


soon as evidence of incomplete bilateral bundle 


branch block develops, this policy was. of potential 


benefit to only 3 of our 27 patients since complete 


| heart block developed in. only 6 of our 15 Survivors, | 
` and only 3 of the 6 had prophylactic pacemakers i in 


; . place: when the block occurred. (Fig. 1). On the other 
iand, in seven of the nine patients. with. complete 


it bio died and in Ihres: of the six e 





lac ne ریز‎ en a died 4 48 i ME the 
۱ onset of complete heart block; the six others died 3 to 
۱ 45 days later of causes not directly related. to com- 


ie rious ventricular تن‎ were common at. the 
— time of pacemaker insertion and that one of our pa- . 
tients (Case 24) died of refractory ventricular fibrilla- 
= tion during manipulation of the catheter on the 14th | 
day. Indeed, ventricular irritability was a more seri- 
x: ` problem in patients with acute myocardial in- - 
` farction and incomplete bilateral bundle branch 





block than in patients with acute myocardial infarc- 


-tion alone. Documented ventricular fibrillation oc- . 
^  eurred in 9 of the 27. patients, was. often. repetitive, 
- and was fatal in 8 of these 9 patients. It is therefore’ 
— our impression that the’ ‘percentage of patients bene- - 


» fiting from prophylactic pacemaker insertion is small 


. indeed and that the potential gain may be counter- 


balanced by the frequent. occurrence of serious ven- 
 tricular arrhythmias in these patients, particularly 


E during pacemaker manipulation. | 
‘It. is not certain when a temporary pacemaker 


should be removed. Seven days after the acute myo- 


: _-cardial infarction, 11 of our patients had a temporary - 
^. pacemaker i in place for treatment of incomplete bilat- - 
- eral bundle branch block. Although all of these pa- 


1 tients lived for a further 2 weeks or more, none had 


bundle branch block; IV = intraventricular. — ^ 


` Complete Heart Block in: Patients with Acute. Myocardial | 
Infarction and Incomplete Bilateral Bundle. Branch Block i in 


۱ complete héart. ‘sider unless reinfaretion من‎ Án 
. additional eight patients in our series survived for at 


regression of complete heart block. Although four of 
| these patients died before leaving the hospital, none 
had a recurrence of. complete heart. block. Since none 
of the 19 patients at risk in our series manifested late 
complete heart block, it is our impression. that tem- 
porary pacemakers may. be safely removed 24 to 48 
` hours after complete heart block has regressed. The- 
exception to this rule might be a patient with contin- 
` ued clinical or electrical instability or evidence of i im- 


suggested that. right. bundle branch block with-‏ و 


. dial infarction. Although the high rate of late sudden © 
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Hospitaliza- AU Latest | 
tion | Discharge ECG. 
CHB 6 
iBBBB 9 
Unifascicular block 


Normal IV conduction 
Perma nent. pacemaker 
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TABLE V | 
Comparative Mortality a and Prevalence of 


Previous Studies asp ; 
| |BBBB xe : Mortality | CHE t 

Scanlon et al. - P 3 8% 

(1970)! .— E CS 
Godman et al. ۱ AO ^oc 10% 

Q9»  — Ev. 
Col and Weinberg 16 "^ 68. 1% 

(1972. MC 5 ^ s "x 
Fenig and. Lichstein. | 8 |. L2 

(1972)7 —— " | | DL 
Present study | Eo og? 27 un 75:696 


AMI = Bute’ myocardial infarction; CHB. = complete h hea 
block; IBBBB = - incomplete bilateral bundle branch block. : 


least 1 week after the « development and subsequent 


pending reinfarction. 
Indications for prophylactic pacing: ‘Atkins et 


left axis deviation in acute myocardial infarction ` 
might be an indication for permanent pacemaker in- 
sertion on the basis of a high rate of subsequent sud- 
den death in their patients who were not treated by 
pacing. Later," they restricted this recommendation 
to the group of patients with right bundle branch 
block and left axis deviation who experience com- 
plete heart block during the acute phase of myocar- 










dealt in their — is mpressive, it is difficult to 
accept the implication that they all died of complete 
heart block and asystole. Such. patients have ad- 
'anced coronary artery disease, and the sudden death 
may have been the result of. ventricular fibrillation 
" curring during : an acute ischemic attack. Three of 
-our patients were in the category of those for whom 
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E Cardiol 29: 344-350, 1972 ^: 
. Gi MJ, ipert BA, Julian: DG: ‘Bilateral hêl branch 
1 block ‘complicating acute. myocardial infarction. Lancet 2: 345- 
i 847,1971 
TLA, Scanlon PJ, Pryor R, Blount SG: Right bundle branch block as- 
pub sociated o Jeff Superior. or inferior ۲ intraventricular block. Cir- 
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Atkins et 1: recommended permanent. pacemaker i in- 


ths aft r db i inch block normal s sinus AA l 


a bundle b branch block. and left anterior 


‘tricular conduction defects in: acute myocardial infarction. Amd | 





ater infarction (Table D indicated a ‘trend toward re- = 
gression of the conduction disturbances. Re 
long-term follow-up studies in patients with myocar- | 
dial infarction and incomplete bilateral. bundle 
branch block are few.*"* However, since 14 of our 15 
patients have lived an average of 16.7 months, and 






Since their intraventricular. conduction. defects have 


either remained stable or regressed, we deubt that 
the occurrence of such conduction disturbances dur- 
ing acute myocardial infarction is an indication for 


permanent pacemaker insertion. More patients with 
acute myocardial infarction: complicated by i incom- — 





plete bilateral bundle branch block nee 


lowed up for longer periods of time to dete mine with. p = 
certainty the effect of such intraventric ar co duc- m 








tion disturbances on ultimate یا‎ T De 


Acknowledgment - 


We e Dr. E. N. Mercer: for his valuable assistance E B 


and critical review of the manuscript. a o rne 


References 


block ی‎ acute myocardial. infarction. N Engl a Med E^ 
282:237-240, 1970 7 : PE M 





| $. Norris RM, Mercer CJ, ‘Groton MS: onon, disturbance bul $ 


due to anteroseptal. myocardial infarction and their treatment by ` 
۱ endocardial | pacing. Am Heart J 84:560-566, 1972 p 
10. Atkins JM, Leshin SJ, ‘Blomqvist: G, et al: Prognosis of right 
bundle branch block and left: anterior hemiblock: a new indica- 
. tion for. permanent pacing. (abstr). Am J Cardiol 26:624, 1970 
11. Atkins JM, Leshin SJ, Blomqvist G, et al: Pacing for ventricular 


conduction blocks in acute i myocardial infarction. N Engi J Med : 13 


288:281-284, 1973 


12. Scheinman M, Brenman | B: : Clinical | and anatomic implications PT ^" 
of intraventricular conduction blocks i in acute myocardial infarc- AR 


`. tion. Circulation 46:753-760, 1972 ~ 2 
13. The. Criteria Committee - of. The New York Heart Association: 


ac Diseases. of the Heart. and Blood Vessels. Nomenclature. and . 


Criteria for Diagnosis, sixth edition. Boston, Little, Brown, 1964, w 
p421 .—. 


pue : 14. Gould. L, Kalayanasundaran ۷ Mohammad N, et al: Prognosis 5 


of. right bundle branch. block- in acute ا‎ infarction. 
JAMA 218: 502-503, 1972. ERE | ۱ 


` Angeles, Calif. This work wa 
`. by Contract PH-43-68-1333 undi 






3 ` BABETH F RABINOWITZ,. MD" Pg | 
MIRIAM KLIGERMAN, BS ou da 
WILLIAM W. PARMLEY, "MD, , FACCE E 


1 ` Los Angeles, California ut T p E E X 


2 M levels of ae AMP. 


e he "AMP. levels N 
ai a intret 








- cardial infarction. An و‎ wa also. ade to correlate such mea- 

= surements with dao mic stat Band clinical course. 

Center, LOS | M 
edin part — 
Myecar- . m 


. From the. Digne. of Ciclo. and: j Bios = 2 





| chemistry, Cedars-Sinai. Medi 










.. dial Infarction: Research Prog 


-e . Heart and Lung Institute, National Institutes of n 
- Health, Bethesda, Md. Manuscript. accepted. ` « (Table I). In Group L20 normal volunteers, 2 to 3 samples were obtained 
` from each subject. In Group. II, 44 patients with acute myocardial infarctio 
blood was sampled as soon as possible after admission to the hospital, al 
 serially thereafter. The diagnosis | of acute myocardial infarction was made by 


. typical history, electrocardiographic criteria (new pathologic Q waves and ev- 


`. January 3, 1974: 


e Fellow, Los Angeles County Heart Associa- i 


tion, 


.. Association. - 


: :3 E return. to nor ۱ 


pa — AMP as an index of the body's s resp 


xe p Work performed during the tenure of an Es- 
| ` tablished Investigatorship of the American. Heart - 


^ serum enzyme levels. Group HI consisted of 33 patients with other diseases 


“Address for reprints: Department of Cardiolo- 1 
` including 15 patients with coronary artery disease, but no acute myocardial 


n `` gy, Cedars-Sinai Medical Center, 4833 Fountain 
e Los Angeles, Calif. 90029. 












۱ Ani 























< Methods | 


"Patient population: Deierininatioñs: of. plasma: eyitio: AMP T we 
performed in blood samples. taken from 97: persons comprising. three | groups 


olutionary changes in the S-T segments and 'T waves) and a typical rise in 


infarction (6 were’ admitted with chest pain and were subsequently classified 
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IGURE t. Plasma cyclic AMP levels in fes myocardial infarction: 
ft panel, the mean and range of cyclic AMP levels are plotted for 


atients ۱ with other diseases. (Group. iil). Right. panel, results in the 





urviving patients died within a few hours after the last or single de- 
rmination of cyclic AMP plotted. 


having acute coronary insufficiency | since there were no 
diagnostic changes in the electrocardiogram or serum en- 
yme levels); 2 patients with valvular rheumatic heart dis- 
ase; 3 patients with idiopathic cardiomyopathy; 1 patient 





ith atrial septal defect; and 12 patients with noncardiac  - ۱ 


isease, including pulmonary embolism, chronic obstruc- 


ve pulmonary disease, serum hepatitis and diabetes. We - 





xcluded from the study patients treated with drugs likely 
change plasma cyclic AMP levels. (norepinephrine, pro- 
ranolol, aminophylline, isoproterenol, for example). 

E The patients with acute myocardial infarction (Group ID 





were further classified into three groups: (1) 35 survivors - 


(discharged from the hospital), (2) 7 patients with "early" 


death (within 1 week), and (3) 2 patients with "late" death . 


(after 2 weeks). 


group. of 20 normal volunteers (Group. D and for the group of 33 


roup of patients with acute. . t infarction ^ M Adae lare 


onsurvivors. (so-called pi death Goo. n cases in which serial 


ita were available, the closed circles are linked by arrows. All non- — showed good agreement. 


` where MAP = 


۱ i asa 
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*Thet three f patients With s severe hypotension and signs of low. cardiac ی‎ included two patients with cardiomyopathy and « one ne i 
atient with recurrent arrhythmias due to. coronary artery disease... ; DEM 


Hemodynámic measurements: Seed “data n " 
were obtained in 31 patients from Group II (acute myocar- 


dial infarction) and in 18 patients from Group III (other E 
diseases). In the patients with acute myocardial infarction, i 
right heart catheterization was. performed with a balloon vU 


tip catheter!8 and intraarterial pressure was also measured. 
Coronary sinus catheterization — was performed in 11 pa- 


tients with acute myocardial infarction and in 6 patients i ini 
Group III. Cardiac output was measured in triplicate, using 
a thermodilution technique.!9.- Stroke. work index. n AE 


was calculated from. the formula 
SWI (&-m/m?) = (MAP = PCW) SVI» x 0 0144 


| mean arterial pressure (mm Hg); PCW 
pulmonary capillary wedge pressure (mm Hg) and SVI - 
stroke volume index (cc; beat per m2), | Dc 
| Biochemical. procedure: Simultaneous siitnples: of pe 
; al and central venous blood in several patients A 








یب 
water.”‏ 
— 
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|. are reported. as A venue" ی ی و فلوم‎ arterial 


and coronary sinus. blood samples were also obtained i in 17 


. patients. 


Plasma cyclic. AMP determinations were paroned 


. using a method with an accuracy of +5 percent previously 
- described in detail.2° This method is a modification of the 


saturation assay described by Brown et al?! and adapted 
-> by us for plasma determinations. The determinations. were 


۱ performed i in triplicate and about 50 percent of the samples 
were assayed twice on two. different. days and the results 


Collection of the blood. in ice and careful immediate 


preparation of the samples. before the assay?? were manda- 


tory to avoid 0 the destruction | of oo} AMP d phos 





(Group. TD i an average plasma سا‎ of 
7.9 picomoles/ml. «ge ; 


"The 35 survivors. vatis | 





cite myocardial. n 





` (Group II) had an elevated mean cyclic AMP level 
during the first 24 hours after the onset of symptoms 


with a wide range of values. The mean level i in the 
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" samples. taken: within. the first 2 hours (8 patients) wc 


`` was 12.8 picomoles/ml; samples taken later in the day 
(18 patients) had a mean level of 14 picomoles/ml. 


. mean level was 10 picomoles/ml on the 3rd day (20 
` . patients), 8.2 picomoles on t 
HEN d 5. E at 2 و‎ 


















۱ E tum & to normal: dud 
The: seven v patiens who 


] E va dividually à "ind: de rene or ae 
. E within: UN few hours of death i 


imultane us venous, arterial “and penne 

i samples: To obtain more information. 
vated plasma cyclic AMP ۰. 
۱ و‎ venous, arterial ye 


; " in coronary sinus blood than in arterial blood. This 


j difference was most marked in the two patients with — 


the highest. levels of plasma cyclic AMP. 
Discussion 
In spite. of the. extensive bibliography dealing with 


| ۱ di AMP regulation in. various tissues, there have 
been few studies of changes in plasma cyclic. AMP 


` —]Jevels.19:1722 This. study represents an evaluation of 


patie plasma cyclic AMP levels in patients with acute myo- - 


e cardial infarction and other cardiac diseases. 





a a! Bs Samples. drawn on the 2nd day (35 patients) had a 
mean level of 9.7 picomoles/ml. Subsequently the 


he 7th day (20 patients) a 2 
hus in th with a ink ne 
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pe us index (SWI): ins f 

|. ma cyclic AMP evels are plotted on the. longitudina axis. an 

' stroke work index data are plotted on the horizontal : axis. The bk 

< fof cyclic. AMP. determination was drawn within a few minutes. 
eu ‘hemodynamic measurements in each case. The clinical course is 
^ dicated by different symbols: Open circles indicate survivors; clo: 
circles indicate "early" d 
a. “late” death (after: 2 Weeks). In cases in which serial determinati 
^ were. available i in the same patent the irem changes ai are indica! 
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: »" ` FIGURE 3. Sünitanecus arterial and coronary. sinus. ‘ovale of las 
m oma cyclic. AMP: in. 11 ‘patients with acute myocardial infarctior : 
| and 6 patients with ‘coronary: artery disease. (GAD) and chest pai 
۱ QU p no infarction. ۱ 
I venous and c ‘coronary. S, ۱ 
cli > AMP levels were. i51 


] ds i lu ror buc a  signitreantly greater level - fier sure myocardial: infarction. the E pa 
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. conditions, including chronic congestive heart failur 
and severe disease of noncardiac origin. - | 
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1) althotigh: the range: of valles s was wide and. over- 
lapped values in the normal population. By compari- 
son, all nonsurvivors had abnormally high levels of 


cant when compared with the levels found in ot} 


We also found a general inverse relation ies 


Although stroke work index is considered a goo 
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; Ek indicator i in acute myocardial infarction,” 
: the separation between survivors and nonsurvivors 
‘provided by the plasma cyclic AMP level appeared to 
-be equal or superior to that provided by stroke work 
index (Fig. 2). 
em Mechanism of increased plasma cyclic AMP: 
precise origin of the increased levels of plasma 
lic AMP has not yet been defined. However, the 
mechanism. appears to be elevated tissue catechol- 
amine levels leading to increased tissue cyclic AMP 
which results in escape of cyclic AMP from tissues to 
the bloodstream. and, hence, in increased plasma « e 
clic AMP. is 
4 It has been shown that tissue cyclic AMP is in- 
creased i in myocardial ischemia!? presumably as a re- 
۱ ult of release of catecholamines, which are known to 
rease intramyocardial cyclic AMP.4-7.9.162425 وا‎ 
ased plasma catecholamines have been found by 
ifferent investigators in the early stage of acute 
iyocardial infarction, although the relation between 
: increase and the clinical course is still uncer- 
ain 14,26-31. 
Two recent ی‎ have demonstrated that exoge- 
nous catecholamines can significantly increase plas- 
ma and urinary cyclic AMP. Ball et al.!7 showed that 
administration of catecholamines to normal volun- 
teers can significantly increase plasma and urinary 
levels of cyclic AMP. Hamet et al.?? found a signifi- 
cant increase in cyclic AMP excretion, concomitant 
with the i increase in pulse rate produced by an isopro- 
terenol infusion in labile hypertensive patients, when 
compared with data obtained from a control group. 
These results provide support for the hypothesis that 
endogenous release of catecholamines induced by a 
pathologic condition might be the mechanism for in- 
creased plasma cyclic AMP. 
< A question of importance i is which organ òr organs 

are responsible for this increase of cyclic AMP in 
acute myocardial infarction. Is the heart itself or are 
oth er organs primarily responsible for the increase in 






























wit. est pain and the anxiety associated with ad- 
mission. to a special care unit did not exhibit in- 
creased levels of cyclic AMP (Fig. 1). Furthermore, 
patients with other serious illnesses also did not show 
increased levels of cyclic AMP (Fig. 1). 

- The biological significance of our observations ap- 









sc bed. in acute myocardial infarction. Free fatty 
acids. and. plasma norepinephrine concentrations 


ls? Relative to this question, patients 


years to be related to other metabolic changes de- 








have been found to be increased on the dst day and 
decreased on the 10th day after myocardial infarc- 
tion. [t is presumed that the augmented sym- 
pathoadrenal system, in response to the infarction, 

may cause increased norepinephrine production, 
which in turn produces an increase in plasma free 
fatty acids. The intracellular cyclic AMP may be the 
common denominator of these metabolic: charfges and | 
also the trigger of the whole metabolic chain respon- 
sible for increased glycogenolysis and lipolysis. — 


It is unlikely that the increase in plasma cyclic. 3 


AMP in itself has a deleterious effect on the clinical | 


course of these patients. Studies in subjects given in- _ 


travenous doses of cyclic AMP have shown that cir- 


culatory cyclic AMP would have to be at least 1,000 _ 


times the normal value to exert physiologic effects | 
comparable with those seen after the administration 


of hormones.3#*4 Tt appears more likely. that these el- 


evated levels are the result of an escape of the nucleo- 
tide from the tissues, in accord with the supposition E 
of Ball et 21.17 As a consequence, these alterations of 
plasma cyclic AMP are a measurable biochemical: 
index that reflects the processes within the tissues 
and therefore has relevant clinical significance. 
Clinical implications: The limitations. of the 
present method for immediate clinical utilization 
should be stressed. Although the range of changes we 
observed in the nonsurvivors can be reliably mea- 
sured, the present technique is not sensitive enough 
to measure arteriovenous differences or dynamic 
changes within the normal range. Furthermore, the 
sampling, lyophylization and assay procedures re- 


quire careful handling by an experienced technician 
and take 2 days to perform. Another limiting factor is 


that certain interventions that influence adrenergic 
or autonomic mechanisms may themselves alter the 


cyclic AMP levels. Additional studies are needed of 


their effects on plasma cyclic AMP in both normal 
subjects and a large number of patients with acute 


myocardial infarction. This additional knowledge 
would expand the application of cyclic AMP mea- 


surements to a larger population and might permit 
their use as a tool in clinical management. 
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The a of midsystolic click and late systolic r murmur ds u 





ly associated with mild mitral regurgitation. Since patients with the — 
click-murmur syndrome often have atypical chest pain we considered 
the possibility that alterations in afterload, which affect myocardial — — 
oxygen demand, may be partially. responsible for this. precordial dis- ^. 
comfort. Systolic arterial pressure and electrocardiographic and pho- uut. 
nocardiographic recordings were monitored before and during intrave-- 





nous infusion. of phenylephrine in 21 patients. with the click-murmur. 
syndrome, 9 of whom gave a history of atypical precordial. pain. An 


identical protocol was carried out in nine control patients, three of — 
whom had a history of atypical chest discomfort. In each patient with — 
the click-murmur. ‘syndrome the diagnosis was. confirmed. by twoor 
more of these findings: (1) a typical phonocardiographic response to | 





the Valsalva maneuver, inhalation of amyl nitrite or a postural change, ۱ 
)2( ۵ characteristic echocardiogram, or (3) a diagnostic. left ventricu- 


logram. During phenylephrine infusion 8 of the 9 patients with the click- 


murmur syndrome and a previous history of chest pain. had precordial 
discomfort, whereas none of the other 12 patients with the syndrome 
had pain (P «0.004 ); none of these patients exhibited pain during infu- - 
sion of 0.9 percent. sodium. chloride. The mean increase. in systemic 
systolic arterial: blood. pressure did not differ between the two groups 


(33 + 4.3 [standard error] vs. 38 + 1.5 mm Hg, P 70.1). Both the ap- - 
| pearance and disappearance of pain occurred at similar systolic arteri- — 


al pressures (146 + 8.8 vs. 143 + 7.7 mm. Hg, P0. 8). No significant 5 
alterations in heart rate were present at these times. None of the pa- 


. tients. with the click-murmur syndrome. who. experienced precordial 


pain had evidence of. coronary artery disease. Only one control patient. 


. had pain during infusion of phenylephrine, but this patient also had — 


chest discomfort during infusion of the saline solution. These data indi- 
cate that. atypical chest pain can be induced in patients with billowing 
mitral leaflets by increasing systolic arterial pressure, and suggest the 


possibility. that a discrepancy between myocardial oxygen supply and _ 


demand may be at least partially responsible for this symptom in pa- ۱ 
tients with the click-murmur syndrome. 


The dinica نسنفت‎ defined by the pliysical ndings 





late systolic click (or clicks) and a late systolic murmur (click-mur- — — 


mur syndrome) is associated with an- abnormality of itral valve — 


ael E The mitral isi موس‎ t the تیه‎ annt billow 


ital leaflet hos a its e posterior 4 excursion d hes 
been attributed to a snap of either the leaflet or the chordae tendi- 
neae.* Although the mitral valve regurgitation in this syndrome is 
usually hemodynamically mild,?97 many patients report a common 
set of disturbing symptoms that include annie chest pain, exercise- 
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of a. mid on d 





` induced arrhythmia and, in rare instances, sudden ۱ 


.-death.28-12 The chest pain tends to be prolonged, 
substernal in location, squeezing in quality, poorly 
related to exertion and only occasionally relieved by 
nitroglycerin.?91145 This pain has been ascribed to 
various causes, including atherosclerotic coronary ar- 
tery disease, compression of the left circumflex cor- 
onary artery,? interference with the papillary mus- 


.. cle blood. supply, and psychological factors. Insuf- 
- ficient evidence exists to substantiate any: of these | 


mechanisms. — 


S ight be elated. to: a مس‎ b Taisen | myocar- 


DT dial oxygen demand and supply within the mitral 









valve apparatus, particularly the papillary muscles, 
. due E an increase in local myocardial wall tension re- 
B a pothesis, s we selectively ince the afterload on the 
€ » myocardium. by means of an infusion of phenyleph- 





rine in patients with the click-murmur- syndrome | 
^ with and without a history of antecedent chest pain, 
5 normal control subjects and in patients with a his- 
Do tory of atypical pain without. evidence of the click- ۱ 
ee murmur syndrome. By: increasing myocardial oxygen. 


p determine whether a telation existed: between these 
patients' chest pain and alterations i in | afterload in- 
K ced by this 3 drug: : R s 







Methods. 1 i, 


hiet Subjects, including Six normal: control subjects 


= — and three patients with a history of atypical chest pain and 


p i mo evidence of heart disease, were studied. Their clinical 
` characteristics are summarized in Table I. Nine of the 21 
patients with the click-murmur syndrome had a history of 


` antecedent precordial pain that was inconstantly related to - 
. exertion, tended to be prolonged and responded inconsist- | 
ently to sublingual administration of nitrites. All 21 pa- - 


tients with the. click-murmur syndrome. had phonocardio- 
grams to document the presence of a. midsystolic click or 
` late systolic murmur, or both. In addition to a characteris- 





tic resting. phonocardiogram, all 21 patients had one or 


eae aa of ime ی‎ to substantiate the diagnosis of s 





the "Valsalva maneuver, از‎ of amyl | ni- 
ei ‘ora a tural change, 115-17 (2) a characteristic echo- 
I ‘cardiogram,!® or (3) a diagnostic. left ventriculogram. Spe- 
cifically, in eight: patients the click or murmur, or both, ap- 


peared earlier in systole during the Valsalva maneuver. 


During the first 30 seconds after inhalation of amyl nitrite, 

a decrease in the intensity or duration of the murmur was 
demonstrated in six. patients.156 In these six patients, a 
subsequent i increase in intensity or duration of the murmur 

. and movement of the click earlier in systole also were ob- 
` served 30 to 60 seconds after inhalation of amyl nitrite. In 
addition, movement of the click or murmur earlier in sys- 
tole with standing was demonstrated in three patients, and 
movement later in systole with prompt squatting occurred 

in one patient.! Eleven patients had echocardiograms di- 


agnostic of a billowing mitral leaflet,!? whereas six patients. 


. had nondiagnostic echocardiograms. In our experience 
there has been a high incidence of false. negative results 


P . when ultrasound techniques have been used in patients 
who meet other established criteria for the diagnosis of the 


~~ c cliek-murmur syndrome; therefore a large number of non- 










phenylephrine infusion in the four تفای‎ of patients. CMS = cick : 
| diagnostic echocerdiógrams was not. EET In fact, t oe 
ular angiography, one had a normal echocardiographie 
percent sodium chloride. In each patient this sol 


` Blood pressure was monitored by cuff sphygmomat 


` preceded or followed. bya control 10 minute infusion of 0. 9 
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the six patients whose diagnosis was proved by left ventric- 


tracing of the mitral valve leaflets. E 
Twenty mg of phenylephrine was diluted in 500 5 


infused at a rate sufficient to produce an increase 
ic arterial pressure of 30 to 40 mm Hg in 5 to 15 


In 24 of the 30 subjects the. phenylephrine infusio: 


percent sodium chloride alone. The sequence of infusions 
was randomized from patient to patient. The patients were 
asked to comment on any unusual sensations during: either ES 
infusion but did not know which infusion contained phe- 
nylephrine. The examiner made no specific allusion to 


chest pain either before or during each infusion. Lead 1I of . 


the electrocardiogram and the phonocardiogram (Elena- 
Schonander Mingograf) were monitored at 1 minute inter- < 


. vals throughout each infusion until the systemic arterial ~ 


pressure had returned to base-line levels. Frequency set- - 
tings and location of the microphone were individualized in — 
each patient to record both clicks and murmurs optimally. en 
If chest pain occurred, infusions were terminated and mon- ` 
itoring was continued until the systemic arterial pressure - 
had returned to control levels. Informed consent was ob- 
tained from all patients. 
Results 

Precordial pain during phenylephrine infu- - 
sion: Of nine patients with the click-murmur syn- - 
drome and a history of antecedent chest pain, eight 
had precordial pain during infusion of phenylephrine m 
(Fig. 1). In each instance the pain was similar in qual- 
ity to the discomfort usually experienced by the pa- 
tient. Of 12 patients with the click-murmur syn- - 
drome who had no previous history of precordial © 
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۱ ain during the Miei uds infusion. Only one pa- i 

tient had an occasional premature ventricular con- : 
action during the phenylephrine infusion; she had 
^. . no history of chest pain but complained of precordial __ Y 
... discomfort during the infusion. The premature beats prey | leaflet. whe experienced T pain, ‘the: ‘bas ۱ 
`, disappeared i after the infusion was discontinued. ۱ systolic: arterial pressure” Was. 19 + 81 1 (sta 1darc 





"Arterial blood pressure: During infusion of ph 
| اور‎ 8 the mean Sip blood. préestite | in 
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۳ mm. Hg, andi in i those with the ۳ but 


^ without elicited pain it was 133 + 6.7 mm Hg (P >0.2 © 


$e [Student t test]). In the two groups mean peak systol- 
- ic arterial pressures were 152 + 7.7 and 170 + 6.3 mm 
_ Hg, respectively (P 20.05). The average increases in 
S veto: a pru were 33 + 4.3 ang 38 + 1. 5 










os ae AL eo 7 
ooo. F7 /146t88 


E 3 ا‎ - 


P CONTROL ONSET ` PEAK 
oo BP -PAIN BP OF PAIN. E 
9 FIGURE. 2. The relation of systolic blood. pressure (BP) to onset and NT 
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x5 FIGURE 3. The relation of mean heart rate to onset and disappear- 
| ance of pain during phenylephrine infusion in patients. with the click- 
us murmur | Syndrome. BP = Systeme systolic arterial pressure. d 
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= test] In individual patients, the pai 


i apposed and was completely gone with af rt S 
` cline of several millimeters of: m of. systolic are = 


` with a billowing mitral leaflet vient es 
elicited by phenylephrine’ infusion were ۱8۳۵0 
with the 12 patients who had n no pain: donin ng s infusion, : 


DISAPPE ARANCE a 


mm He, respectively e »0. 1). The appearance of 
pain during infusion and the disappearance of pain — 
after discontinuation of the infusion ی‎ at sim- ا‎ 






onset: of discomfort من‎ at a mean sy cayatol ie: E 
rial pressure of 146 + 8.8 mm Hg, and relief ata — 
| Mire EE 


mean pressure of 143 + 7.7 mm Hg (P 







terial pressure. Ty 
Heart t rate: Because cardiac r rate i is ora impor- H 












gd infusion of f ار‎ Ene M X her 


resting : heart. rate (69 P 2.8 vs. و‎ + 4: 
70.1 [Student t test]. During the | 
systolic arterial pressure to the pene ip. 
sion, average heart rates decreased i in the i p 
to 65 + 3.7 and 69 + 3.8 beats/min, re: 
difference also was not significant (P > 0.4 








patients with the click-murmur syndrome who A‏ و 

experienced precordial pain, the mean heart rate dur- 
ing phenylephrine infusion decreased from the con- 
trol value of 69 + 2.8 to 64 + 3.1 beats/min at the 

- time of onset of chest pain (P <0. 004 [paired t test) _ 
(Fig. 3). "This reduction probably resulted from an 


early reflex slowing of the heart rate in response to — | 


| E phenylephrine. However, at the time of peak systolic |. 
arterial pressure produced. by. phenylephrine andat 
the time of the disappearance of pain, mean heart .— 


rates were not statistically different from control | ۱ 


` values (Fig. 3, Table IA). 


In the patients with chest pain elicited by necro 


5 ephrine infusion, the mean. heart rate-systolic blood 


pressure product was significantly. greater. than con~ p 


` trol levels at the time of onset of pain, peak systolic 
arterial pressure and disse prarance of pain (Fig. 4, 


TableIA) ۰ — 
Effect on click and murmur: During infusion of _ 


phenylephrine, the response of the clicks and mur- e 
murs was somewhat variable (Table L A. and B). .. 
However, clicks tended to remain unchanged. orto |. 
become louder and move later in. systole, whereas o . 
murmurs tended to remain unchanged or. to e zo 


louder and move earlier i in systole (Fig. 5 xm 


Discussion - 


Although a variety of اه ام و‎ i have been sug- E: 
gested as explanations for the chest ienced 

by patients. with the click urm 
know of no systematic study provic 
these proposed mechanisms. We posti ed 
creased myocardial wall tension might pr 
basis for the atypical pain reported by these patients. 









The results of our study demonstrated that phenyl- 
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^ .- ephrine-induced systemic arterial hypertension was 


1 . ing mitral leaflet. The evocation of pain occurred al- 
|» — — most. exclusively in patients with a history of ante- 


: _ phenylephrine i in normal control subjects « or by infu- 


e symdrome. 
















mount. of. tension 
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dn tension, a localized discrepan cy p 
VIA ply and demand could occur. 

` . Accordingly, an agent. that 
A ; Myocardial s wall tension and pro 








ip = demand. ۱ 
۱ Pathogenesis" of pain in "eljek-inürmur syn- 





`. further. pecie ed the amore. of an increased 
- afterload on the myocardium (and hence increased — 


- myocardial wall tension) in reproducing the patients' 


` chest pain, since the mean heart rate-blood pressure 


. product was significantly increased at this time de- 


. spite the decrease in heart rate. In addition, we have. 

` found, as have others,???* that propranolol therapy, 
Sm ~ which tends to decrease MVOz, i is useful in the symp- 
tomatic. therapy of these patients. These clinical ob- - 


-servations are compatible with but do not prove the 





E er . hypothesis that the chest pain is ischemic in nature. 
NE Further, the postulated localization of the ischemia is 





. “associated with chest pain in patients with a billow- - 


= cedent pain. Pain was not induced by infusion of 
sion of saline. solution i in patients with the click- -mur- ۱ 


Rie rad i ae precordial pain i induced by y. ES cm 


^ d e ۳ ams s and ds porc a had کک‎ e in 
al discomfort ins ! 
iple; it has been ۱ 


sel lective increases’ 
es increased bil- 
ould tend : to ac 


chest pain if such s with a clini is ee ihe dedi a e 
can imbalance between nx oxygen supply and 


drome: í Ours data C iod th the click. that the | 


entirely consistent with the clectrocardiograp 
finding of a “posteroinferior ischemia” pattern 
some but not all patients with the syndrome. 1 
Coronary artery disease in pathogenesis 0 
pain: In 16 of the 21 patients with the click- murn 
syndrome, investigations with respect to the prese 
or absence of coronary artery disease were carr 
" out. Of the nine patini n with antecedent chest irum 








` cant (less than 20 percent) coronary arterial n 
ipg. Thus. of the: nine Patients with a history's b Lp 


du vith other areas of the — 42 
ventricle,’ 19-21 AB "he mittel valve leaflets i in à pa- z 
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FIGURE 5. A represenitive illustration of the types of egal: seen. 
in clicks and murmurs during phenylephrine infusion. This patient 
(Case 14) had an audible late systolic apical murmur at rest which 
` was not well recorded on the phonocardiogram {PCG). During phe- 
nylephrine infusion the murmur became holosystolic while the click - 
meres to a position late in systole. ECG = electrocardiogram. 
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ous chest pain, eight. had no abjestive evidence of cor- 
-onary artery disease as judged by a treadmill exercise 
test or coronary arteriography, or both. In the ninth 
patient neither of these studies was performed. Of 
the 12 patients who had no history of precordial pain, 

6 had a negative treadmill exercise test, and 1 of the 6 
also had normal coronary arteriograms. Two other 
patients without a history of chest discomfort who 
did not have precordial pain during infusion of phe- 
nylephrine had evidence of significant coronary ar- 
tery disease. Compression of the left circumflex coro- 













i$ not observed in any of the arteriograms; however, 
‘cannot rule out the possibility that increased mi- 


n in systemic arterial pressure associated with 
lephrine infusion, could have caused such com- 


sis of these observations, it is unlikely that occult 
uctural coronary artery disease plays any signifi- 
nt role i in the pathogenesis of the chest pain experi- 
ced by these patients. However, our data also 
ggest that the discomfort is organic in nature, and 
itis TB unlikely that the pain is entirely function- 





mary artery, as suggested by Barlow and Bosman, _ 


valve leaflet billowing, produced by the augmen- 


Abnormal left ventricular wall motion: On the 





al or psychological in origin. Although we have shown 
unequivocally that the atypical precordial pain can 
be reproduced by increasing the afterload on the 
myocardium in these patients under controlled, sin- 
gle-blind laboratory conditions, it remains to be 
proved that spontaneous variations in systemic arte- 
rial pressure are associated with the precordial pain 


reported by ambulatory patients. It shot d be noted - 


that many patients with the click-murmur syndrome 


demonstrate a decreased extent and rate of circum- 
ferential fiber shortening at the base of. the left ven- 
tricle.? Abnormal contraction patterns were ob- 
served in three of our seven patients who had. cinean- — 


giographic studies, and asynergystic: patterns of left - 
ventricular wall motion have been described ih a sub- E 


stantial number of patients with the click- -murmur 


syndrome. It has recently been demonstrated in our 
laboratory? that augmenting MVO» by isometric 
handgrip exercise may induce or exacerbate such ab- 


normalities. Thus, it is possible that exacerbation of. 


abnormal left ventricular wall motion by alterations 
in systemic arterial pressure increases MVO and - 
thereby contributes to the production of atypical 
chest pain in patients with prolapsing mitral valve 
leaflets. | 


References 





Below. JB, Pocock WA, Marchang P, et al: The significance of 
`. late systolic murmurs. Am Heart J 66:443-452, 1963 - 
.2. Barlow JB, Bosman CK: Aneurysmal protrusion of the posterior 
-.. leaflet of the mitral valve: an auscultatory-electrocardiographic 
~. syndrome. Am Heart J 71:166-178, 1966 
.3. Criley MJ, Lewis KB, Humphries JO, et al: Prolapse of the mi- 
tral valve: clinical and cine-angiocardiographic. findings. Br Heart 
.. 4 28:488-496, 1966 
4 Stannard M, Sloman JG, Hare WSC, et al: Prolapse of the pos- 
-> . terior leaflet of the mitral valve: a Clinical, familial, and. cinean- 
-..' giographic study. Br Med J 3:71-74, 1967 
-5. Reid JVO: Mid-systolic. clicks, 5 Afr Med J 35:353-355, 1961 





_ 6. Barlow JB, Bosman CK, Pocock WA, et al: Late systolic mur- 


<v murs and non-ejection (“mid-late”) systolic clicks. Br Heart J 
.80:203-218, 1968 7 
‘Ehlers KH, Engle MA, Levin AR, et al: Left ventricular abnor- 










gram. Am J Cardiol 26:333-340, 1970 

Hancock EW, Cohn K: The syndrome associated with midsys- 

<o tolice click and late systolic murmur. Am J Med 41:183-196, 

1.01966 T 

:9. Engle MA: The syndrome. of apical systolic click, late systolic 

= murmur, and abnormal T waves. Circulation 39: 1-2, 9 

10. Shell WE, ‘Walton JA, Clifford ME, et ak The familial occur- 

-> rence of mid-late systolic click and late systolic. murmur. Circu- 

-= lation 39:327-339, 1969 | 

11. Jeresaty RM: The syndrome associated with mid-systolic click 

> and/or late systolic murmur. Chest 59:643-647, 1971 

12. Pocock WA, Barlow JB: Etiology and electrocardiographic fea- 

= tures of the billowing posterior mitral leaflet syndrome. Am J 

Med 51:731-739, 1971 

13. Liedtke JA, Gault JH, Leamar DM: Geometry of left ventricular 

^ contraction in the systolic click syndrome: characterization of a 

` ` segmental myocardial abnormality. Circulation 47:27-35, 1973 

14. Steelman RB, White RS, Hill JC, et al: Midsystolic clicks in arte- 
. riosclerotic heart disease. Circulation 44:503-—515, 1971 





18 July 1974 The American Journal of CARDIOLOGY Volume 34 TN — E a 





mality with late mitral insufficiency and abnormal electrocardio- 


15. Ronan JA, Perloff JK, Harvey we: Systolic clicks and the late 
systolic murmur. Am Heart J 70:319—325, 1965 


` 16. Leighton RF, Page WL, Goodwin RS, et al: Mild. mitral regurgi- | 


tation—its : ‘characterization by intracardiac phonocardiography ۱ 
and pharmacologic responses. Am J Med 41:168-182, 1966 - 


| .. 17. Fontan a Mi, Pence HL, Leighton RF, et al: The varying clinical. 





of the systolic click-late systolic murmur syndrome. 

۱ ۱ 1:807-816, 1970 .. i 

18. Kerber RE, Isaeff DM, Hancock EW: Echocardiographic pat- 
terns in patients with the syndrome of systolic click and late sys- 
` tolic murmur. N Engl J Med 284:691-693, 1971 


. 19. Salisbury PF, Cross CE, Rubin PA: Chorda tendinea tension. 


Am J Physiol 205:385-392, 1963 

20. Burch GE, DePasquale NP: Time course of tension in the papil- 
lary muscles of the heart. JAMA 192:701-704, 1965 - 

21. Cronin R, Armour JA, Randall WC: Function of the in-situ papil- 
lary muscle in the canine left ventricle. Circ Res 25:67-75, 
1969 

22. Innes IR, Nickerson M: Drugs acting on postganglionic adrener- 
gic nerve endings and structures innervated by them. In, The 
Pharmacologic. Basis of Therapeutics, fourth edition (Goodman 
LS, Gilman A, ed). New York, Macmillan, 1970, p 510 

23. Sloman JG, Stannard M, Hare WSC, et al: Prolapse of the pos- 
terior leaflet of the mitral valve. Isr J Med Sci 5:727-731, 1969 


24. Jeresaty RM: Mitral vave prolapse-click syndrome. Prog Car- E 


diovasc Dis 15:623-652, 1973 _ 


25. Doan HE, Peterson DR, Blackman JR, et al: Myocardial isch- LE 


emia after. maximal exercise in healthy men. Am Heart J 69: 
11-21, 1965 ۱ 
26. Scampardonis G, Yang SS, Maranhao ۷ et a Left ار ای‎ 
abnormalities in prolapsed. mitral leaflet. syndrome. Review of 
eighty-seven cases. Circulation 48: 287-297, 1973 
27. Ludbrook P, Karliner JS, O'Rourke RA: Effects of submaximal 
isometric handgrip on left ventricular size and wall motion. Am J 
Cardiol 33:30-36, 1974 ۱ 





S KENNETH: B.DESSER MD ^. 
.. ALBERTO BENCHIMOL, MD, FACC 







D eG Phoenix, Arizona 















. ۳9 : : pied d Al patients. ee irtoco nón nary ud galt à aperation ۳ 
. angina pectoris considered refractory to treatment with coronary vasodil 
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^an isolated graft to the right coronary artery, 12 had an isolated graft to tl 
left anterior descending | coronary artery, ' 7 had grafts both to the right. and te 
. the left anterior descending. coronary arteries, and 1 patient. had grafts to the 
É . - right, left anterior and circumflex. vessels, providing a total of 39. pate 
From. the Institute for Cardiovascular Diseases, . - grafts for. study. Selective aortocoronary bypass graft angiography was pe 
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` PACING DURING’ BYPASS GRAFT ANGIOG 


TABLE I i ON 
D Prevalence of Cardiac Arrhythmias During Aortocoronary 
ment Angiography - 
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inus bradycardia or. arfest (SB). 

+ ventricular premature beats (VPB) 
+ sinus. slowing (SS), rate > 60/min ۱ 
FAN junctional escape rhythm 
vanced A-V block 
‘Ventricular tachycardia — | TEE! 
ventricular tachycardia FH ID 25 
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efore. cardiac catheterization. ۱ 
. minimum of two injections. of contrast. medium were 
jade into each graft using a hand syringe. "The first. injec- 


instituted 1 minute before introduction of the contrast me- 
dium. In 15 subjects the pacing sequence was reversed; that 


ds; the initial injection was made during right atrial pacing. 


and the second injection performed without pacing. Pacing 


was initiated at the lowest driving rate that resulted in the _ 


most complete and consistent right atrial capture at twice 
the diastolic threshold. In a few cases, right ventricular 


of the electrocardiogram were simultaneously recorded on a 
DR- -12 oscilloscopic photographic recorder during all aorto- 


“NO PACING — 


| — INLRLGRAFT __ 
ETRA PACING — 


| 4 ۱ 
.. REPEAT INJ. RT. GRAFT 


20 ie uet M. he ین وف‎ | Journal of 1 CARDIOLOGY pone 94. 





; ph do the übt atrluni. "Loosf anesthesia was ۱ 
rmed = with 100 mg of. lidocaine. No patient received ۱ 


"tion was performed without atrial pacing, the second injec- | 
tion was made during right atrial pacing, which had been E 





coronary graft injections. ‘Patients : were. not. ji syeteniatically | 
instructed to cough when sinoatrial slowing occurred. 


Results. ae m " 
Control. injections: Selective. patent. ‘aortocore: : 


nary bypass angiography without. concomitant right. s 


atrial pacing resulted in cardiac arrhythmias during . 


` 81 of 39 injections (Table I). Abnormalities of. rate, | 
rhythm and conduction paralleled th ی جر‎ 1 
 described.? The most frequently ‘encountered. a 
rhythmias. included sinus. s bradycardia, p 
d 





sinoatrial arrest and. atrioventricular. سس‎ e es- 3 ۱ 
cape beats. Sinus rates during 24 episodes of sinus - 


bradycardia. or arrest ranged from 20 to 58 min with g 







a mean (+1 standard deviation) of 38 + 12. he num- © 
ber of ventricular premature beats per minute during 
10 periods of sinus slowing or brad) ia ranged | 





from 4 to 20/min (mean 11 + 5) for thes dy group. 


Right atrial pacing: In contrast, only 2- 


. phenous vein bypass injections performed ‘during 1 
right atrial pacing resulted in cardiac arrhythmias. - 
_ The safety afforded by righ | | 
. most apparent in five cases in which selective graft 

| opacification. produced: bradycardia associated. with- 

. apprehension. and retrostern | 
` Disturbances of cardiac rhythm occurred during right - 
- atrial or ventricular pacing in two subjects. In one pa- | 
tient, atrial pacing during aortic-left anterior de- 
| .scending. bypass graft angiography resulted in - 





t atrial stimulation was | 





nal chest pain. (Fig. 1). 


Wenckebach second degree atrioventricular block, 


and a 2.2 second period of ventricular inactivity (Fig. | 
| .3) It can be surmised that the increased atrial rate . 
pacing: was performed i in similar fashion. Leads 1, 11 280 11] pr oduced. by elective. right. atrial pacing contributed. | 
` to the heart block noted in this latter case. 


A single subject Reportes an unusual combina- i 


. leads 1 ۱ and Ht of the ele 
` gram in a 61 year old 
| lective aortic-right i 
: bypass graft angiograpt Yo 
i oo graft. angiography p uce i 
] sinus. lowing that we ; associated ۰ 
. with chest pain and. lightheadedness. ۱ 
= Note. the marked T wave inversion inc 
|. leads ll and lil produced by : 
ography. B, repeat right graft angiog- | 

| raphy during right atrial pacing (rate - 
-. 90/min) was not associated with dys- | 

. rhythmia or Symeon c ‘Pl = pacing | 
impulse. í 
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۳ M FIGURE. 3. Loads 1۱۱ and. 1 of fa o ys 
t _ recorded. ina 48 year old man. during. selective aortic- : 


` tight graft angiography. produces A-V block and a 5.4 - 


D ventricular. response (beats 5 to 8). Lower panel, re 







: 11 a E es : pacing impulse. 








E NS tion of advanced atrioventricular block and pn 
mal atrial fibrillation in the course of aortic-right cor- 
` onary graft opacification. The standby bipolar pacing 


.. eatheter was immediately advanced across the tricus- 

` pid valve to the right ventricle, where electrical stim- 

ulation was undertaken. Despite. right ventricular 

_ pacing at twice threshold levels, Muri dl ی‎ an- 
۱ giography resulted i in another epi ode 
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tight coronary bypass graft angiography. Upper panel, | 


second period of ventricular arrest. Ventricular: capture |. 
| (beat 4) is followed by atrial fibrillation, a 4 second pe- - 
_ riod of ventricular asystole. anda subsequent irregular - 


peat right graft injection during right ventricular endo- 
cardial. pacing {rate 100/min) results in failure of pac- 
ng capture and another period of ventricular HON 
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` PACING DURING BYPASS GRAFT ANGIOGRAPHY—DESSER . 


` reexcitation. It is at ‘this: ‘critical ew that right 
.. atrial pacing is most efficacious. The stable heart rate 
- and rhythm afforded by atrial stimulation prevent 
certain untoward effects of bradyarrhythmias, such 
as hypotension and angina pectoris. The observation 
hat ectopic beats usually occur in the setting of sinus — 
owing during aortocoronary. graft angiography does. 
ot mply that bradycardia is necessary for the devel- 

ment of ventricular arrhythmias in all conditions _ 
ssociated with myocardial ischemia. Goldstein et al. _ 
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than in control animals. Since our study group ` 
not receive atropine before cardiac catheteriza- 
the influence of this drug on angiographically 
ked arrhythmias is unknown and v warrants further |. 
tigation. ۱ 
mitations of right. atrial pacihg: cer are 
mitations. inherent in prophylactic right | 
: pacing: suring. aortocoronary bypass p angi- 





. Circulation 34:627--637, 1966 ۰ 





_ lective coronary arteriography. Br Heart J 29:512-519, 1967 _ 






vase Surg 58: 178-185, 1969. 








t ۳ of the- Votiedure- ne js risk: patients: ‘with 3 
۱ electrocardiographic | evidence of bilateral bundle 


graphic rangas pey selective | coronary ieanglography Es 9 
۱ TERME ` Concepts Cardiovasc Dis 31:735-738, 1962 7 
. Coskey RL, Magidson O: Electrocardiographic response to se poH 





. Favaloro RG: Saphenous vein graft in the surgical treatment of — " : 
coronary. artery disease. Operative. eae: J Thorac Cardio- ۱ 


Benchimol A, Desser KB, Schumacher JA: Elecrocardograph- u 


circumstance, there i is a distinct advantage i in having ] 
a pacing catheter situated in the right atrium since 
manipulation of the electrodes across the tricuspid " 


valve allows right ventricular stimulation and resto- 2 
. ration of an effective heartbeat. When such emergent | E 


right. ventricular pacing is. require d 


that the output of the pacemaker be promptly’ in- pus : 
— creased so that c COM Mb y ventricular mem yo 
. ean be acc e — E ۱ 





cently demonstrated that the frequency of ventric- _ a We EN 
r arrhythmias was significantly greater in an atro- © . 
-treated group of dogs with acute coronary occlu- `. 








branch block in order to prevent possible ventricular | 





 asystole during selective graft angiography. 


In conclusion, routine right atrial pacing is a used | 


۱ method for preventing a variety of adverse electrical 3 
. and. hemodynamic. abnormalities - during. selective 2 
ed aortocoronary bypass angiography. uw E 3 
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LN Left venteicdlar función i is E ten. determined saunia tö evaluate © 
the natural course of heart disease and to. determine the effects of 
= medical and: surgical interventior ng 12 t hanges in left ventricu. 

- lar function that can be expected in seq 

1 vening. treatment are unknoy 

J — mine whether an interventio 

E cardiac catheterization with ri ۱ E. 

. are frequently. performed on separate days, we were able to measure |. 

i day to day changes in left. ventricular function without therapeutic e 

intervention. The results showed thatr no significant systematic varia- 

tion occurred in any parameter of. left ventricular function when the . 

| — group of study patients \ was taken asa whole but rather marked vari- : 
 ations were observed i in any one patient. 5 


Address for reprints: John H. 'McAnuliy, MD, ۱ 




















ial studies without inter * 
ormation is needed to deter- — 
effect. Since in our institution, — 
hy and. coronary arteriography _ 








Materials and Methods 


Case material: Seventeen patients in stable condition underwent elective a 


VE lo University of Oregon | .. diagnostic cardiac catheterization. and coronary arteriography on successive on 
: ledical. School, 3181 $. W. Sam Jackson Y Park,” days in two laboratories, the usual practice at this institution. The proce- |. 


dures. were performed i in. no particular order; 10 patients had cardiac cathe- 
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ventricular systolic pressure; LVSWI — 


i AS = = -asynergistic : selten ÇÎ > se cardiac jindek EDC = ==. etid- diastolic رام‎ EDV Sad diastolic volume; EF = ejection 
fraction; ESV = end- -Systolic vol lume; Hct = hematocrit; HR = heart rate; LVEDP = 
: left. ventricular stroke work index; MAP = "mean arteríal pressum MCFSR : = | mean circumfer- 


= left ventricular end- diastolic pressure; LVSP = left 


ential Toer shortening [any iu: = probability; SD = = = standard deviation; St cu : stroke index: 
















“brachial arterial catheter were carefully explained. "The 


terization studies either diazepam (5 to 10 mg) or secobar- 
E bital (100 mg) wasused. — - | 
~ Procedures: At the start of each ی‎ A a6. Gach 


tocrit was. obtained. A left ventricular catheter (a no. 7F 
"Teflon? Gensini catheter in the catheterization laboratory 





usce and T had. | coronary y arteriography o on the first E | 


der). Two patients had significant. coronary gore d | 

-valvular heart disease, and. one patient had both normal 
oronary arteries and normal findings at cardiac catheter- _ 
zation. There were 7 women and 10 men in the study 
roup with a mean. age of 52. years. (range 34 to 63). In- 
formed. consent for the study was obtained from all: pa 
tients after the risks and. discomforts of the otherwise un- 

“necessary left. ventricular angiogram and insertion of the 


premedications. for coronary: arteriography were atropine. 2n 
(0.4 to 0.8 mg) and secobarbital (100 mg); for cardiac cathe- — 


` ed for X-ray magnifi ication, selective left 


“polyethylene catheter was inserted into the brachial artery . 


by the Seldinger technique and a blood sample for hema- — study performed on each day in all pa 


— anda no.8F pigtail Ducor catheter in the coronary angiog- 

<= raphy laboratory) was inserted percutaneously into the. 
^. femoral artery and advanced into the left ventricle. Bra- 
=> ehial arterial pressure and left ventricular systolic and end- - 
AW diastolic pressures were recorded with Statham P23Gb ۱ 


. motion was. evaluated. by the superimpos 
. &and minor axes of traced frames of end 
` diastole.!5 Left ventricular asynergy was defined as akin- 


T bud an ` Electrônjes for Medicine eer ee in 
the catheterization: laboratory, and a. Statham P23Gb 


transducer and a Hewlett Packard recorder i in the angiog- 







à raphy. laboratory with the transducers positioned. at the 
E و‎ 


in both studies. Heart rate was obtained - 

nth ctrocardiogram. Cardiac index was determined 
from tw ndicator-dilution curves obtained by injecting 
indocyanine green dye into the left ventricle and sampling 


` blood from the brachial artery through a cuvette attached _ 

J toa Waters densitometer (model D-400).!^ The mean value * 

obtained from these. two curves was used. Left. ventricular : 

` stroke work index was calculated from the mean left ven- 
tricular systolic pressure minus the value for. end- -diastolic 1 

pressure X stroke index X 0.0136.1546 > | 







"The patient was placed i in. the right. anterior obliqui posi- - 
tion and, after positioning of a grid at the level of the apex 
of the heart to allow left ventricular volumes to be corr 











angiography was performed using 36 to 48 cc of Renografin | 
769. The left. ventricular. angiogram was the initial contrast 
id-diastolic 









volume, end-systolic volume, ejection fra 
circumferential fiber. shortening rate were 
ographically as previously. described. 
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ntricular wall 
n of the major 
l-systole and end- 


esis (ventricular. wall immobility during contraction) or 
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pu TABLE II 


a ۱ Mean and Standard Deviation of Changes i in 1 Each Individual Patient from Day 1 to Day 2 
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Results - 


۱ The ens 0 on the second day v were com- ue i | d de : 
. pared with those on the first day for the group asa. p 

. whole (Table I). Only the hematocrit changed signifi- 42 s 

. cantly (P «0.01). Because of the differences in pre- _ 
. medication for the studies on the 2 days, the results - 


` from the two different laboratories were compared 
and again no significant. difference was found. (P 
` > 0.05). There was no change in clinical status of : any 


= of the subjects between the two studies. 


-Paired determinations for each parameter in each 


patient are recorded. in Table II. The results in pa- 
tients with- coronary artery. disease were. compared ۳ 
|. with those in patients with normal coronary arteries. 
| Sie no significant. difference. (P 20.05) was found 
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es an 25 5 aed 
luced on day 3 or to stay nor- 





mal fr ed. tardiac index on dus 1 hid ا‎ 
‘values on day 2. Only one patient had a marked. 
change in cardiac index associated with significant 


7 changes i in. other parameters. In this patient, aren 


“and: was riarkedly reduced to 1. 7 e per n^i on 
TE day 2. This reduction was associated with a decrease l 
in mean arterial pressure (from 120 to 96 mm Hg 
left ventricular end-diastolic pressure (from 17 to 10. 
mm Hg), left ventricular end-diastolic volume (from ۱ 
86 to 5 ml/m?) and hematocrit (from 42 to 36 per- 
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3 be determined. 


3 diastolic pressure (more han 12 mm Hg) on day 1 
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Y= 4242148854 | 


| An arterial r pressures on day 2 and day, 1. The ener “oe va ۱ 
9 ine و‎ $ solid tne) and Jede pois inesi 3 rS 


Ejection Fraction — 


۱ mech. peri The low. limit € of normal. (0. 4)0 


= “pent, and an increase ê di Beart rate: ion 68 to 80 | had io values: on day 2 0 ig 


and am The cause for these variations could not | 


r Lett. ventricular ena dabii pressure showed ۱ ۱ 
. considerable variation on successive days (r = 0.40). 


a Three patients with increased left ventricular. end- 2 Hemd ejection fraction on day 2 and 
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measured, ی‎ f fre ition. ar 








ejection: fraction "len d 0. vs eet 1 “had ; a re- 
all but one pa- 
‘tient with a normal ejection fraction on the first t day 











E had a normal value on the second day (Fig. 4). Hema- 


showed little day to day variation (r = 0.86),‏ هم 





` "but there was a systematic reduction between proce- 


(^o dures (Fig. 5). 
c Left ventricular wall motion abnormalities were 


2 B preset i in five patients. The site of these asynergistic 


areas did not. change from one day to the next. The 


ho mean change in extent of asynergy. was 0.02 (tinge: L. 
.. 0.01 to 0. O5; id. to day bacs de was not used 0 P E 


3 A 10). (ET 
“Discussion 


nt i the e ‘evaluation. of left ماس‎ e MES 
iiie a one must و‎ he whether the aen aE 





pum were is à clinically stable هر‎ tion: and there 
` was no interstudy therapeutic intervention. The 
standard deviations of the means for left ventricular - 
` end-diastolic pressure and volume and mean circum- - 
< ferential fiber shortening rate were large, indicating | 


` considerable day to day fluctuation. Mean arterial 
Pressure, ean fraction and cardiac index showed 
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Role of C Diabetes i in Congestive Heart Failure: 
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EN Congestive heart failure: is a cc | 
|. toa variety of causes. The idenc far from t: 

. - rate is 2.3/1,000 men and 0 women. ied 30 yeai 

a Despite the availability. of. potent. lycosides and diuretic age ts. 

. . gestive heart failure continues to ea lethal f process, and 1 

patients die within 5 years of onset.! Previous study! revealed 

. . hypertension and. coronary heart disease were the dominant. cause 

_ but 14 percent of men and 26 percent of women with. congestive fa 

. ure also had diabetes, an apparent excess. The purpose of this repo: 

^ isto explore the role of. abetes in the development of. congestiv 

. heart failure and to assess its. contribution taking into account th 

Ke presence. of coronary heart dise > and atherogenic factors such as 
07 hypertension, high. serum n cholesterol levels, overweight. and increased 

s age. | ns Pi 















` Methods 


The Framingham study was initiated i in 1949 to | the d epidemiology 

۱ of cardiovascular disease in a general. population sample of 5, 209 men and. 
women aged 30 to 62 years. These subjects have been followed up for the de- 

۱ _ velopment. of cardiovascular disease including congestive heart failure. A 
: every biennial examination each: participant has had, in addition toa hist: r 
en Vd reli iig te اس‎ | and physical evaluation, 213 lead electrocardiogram, a chest X-ray film, test 

- ef Health, Bethesda, Md. Menus cript accepted of vital capacity, urinalysis, measurements of blood sugar, uric acid and’ cho- 
ae `. February 271974. - lesterol levels and determinations of Framingham relative body weight. n 
Address for reprints: William B. Kannel, MD, _ Detailed descriptions. of the sampling procedure, response rate, methods of 
n "Framingham Heart Disease Epidemiology Study, . examination and laboratory procedures and the criteria for the outcome of po 
2 e. 123 Lincoln St., liek dao Mass.01701. ۰. disease have been reported previously. P 








; From. the Framingham Heart: Disease Epidemiol 
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۳ ۰ as 
TABLE 1 ۳ 
Criteria for Congestive t Heart Failu re* 


Major criteria. | 
= Paroxysmal nocturnal Ee or ی راخ‎ 
| Neck vein distension > 
© Rales T 
^ Cardiomegaly 
— .' Acute pulmonary edema. $ 
7 Ss gallop 
= Increased venous pressure 216 cm H:O 
<.. Circulation time 2:25 second. 
ee . Hepatojugular reflux 
e Minor criteria 
—' . Ankle edema 
5 Night cough . , 
< o Dyspnea on exertion 
Hepatomegaly 
Pleural effusion S 
tal capacity decreased. 173 from. maximum ۱ 
Tachycardia (rate 2120/min) 3 ۱ ae 
orminoreriterion ^^ ^ 
Weight loss 2 24. 9 kei in 5 days 























fü. lle ی ی‎ 


Person — New dence beni |. New 
Yearsat CHF per . VYearsat CHF Incidence 
Risk Events 10,000 Risk Events per 10,000 


46-54 — 15,98 d — 6 — 68 5 7 
-55-64 — 13,688 41 30 1,20 24 20 





5-74. P nos _ 34 E. " 766. | 20 261 





HD m coronary heart disease; CHF = congestive | heart 
failure; RH D= = : rheumatic heart disease. 


AF Pack: Biennial Gxt HAGA a danai of congestive 


heart. failure was entertained | on clinical grounds and the — 


opinion of a ‘second examiner obtained. All suspected cases 
thus uncov ered from biennial clinic examinations or from 
interim information obtained from hospital records and 
.physician's office reports were reviewed by a panel of inves- 
tigators using uniform criteria. The diagnosis of congestive 
heart failure was accepted only i in persons with at least two 
‘major o or one ی‎ and two minor criteria present concur- 


30 — duly-1974 The American Journal of CARDIOLOGY Volume 34. 





esponse to treatment e E l ۲ 


s were. considered to have congestive ‘heat failure 


o major or one ma or and two. m 4 4 
Jc ) o minor. criteria were: present according. to diabetic status, age, sex and corona 


rently as indicated in Table L Mao criteria that could be : 
attributed to some other medical condition were rejected. ۱ 
Only about half the persons diagnosed as having congestive - 


heart failure at the time of the clinical examination on the — . 
` basis of the examination or interim hospital or physician’ S 


office information were included in this study. ۱ E 
Persons who had congestive failure at the time of the ini- i 


tial examination were excluded, leaving a population of | 
5,192 men and women aged 30 to 62 years at risk. Follow- — — 
up study during the ensuing: 18 years was reasonably com- . 
plete, with 80 percent of subjects receiving every possible و‎ 
.. © biennial examination. The remaining 20 percent were seen - 
او‎ less frequent intervals, and admissions to the only gener- - 
val hospital in town were monitored daily. Only. 2 percent of 
TR the sample were completely: lost to follow-up study... | 


-Glucose intolerance was assessed from casual blood sugar | 


` determinations, urinary sugar values, ora history ۱ of clinical - 
.. "diabetes." Blood sugar levels were determined by the | 
. Somogy- Nelson method. A diagnosis of diabetes was made _ 
_in subjects who (1) had an abnormal glucose. tolerance test - 


during hospitalization or their physician’ 's laboratory eval- — 
uation, (2) were taking insulin or oral hypoglycemic agents, 7 








or (3) had casual blood sugar values > 160 marie 100 1: mi 


Statistical Techniques B E 
Incidence rates for congestive failure: were ascertained u 





matic) heart disease status. Subjects: we 





summary chi squares to assess differences in the frequency — 


‘of congestive heart failure in diabetic and nondiabetic | 
۱ subjects and to estimate the risk of heart failure in the - 


presence of diabetes. To assess the joint and net effect of | 


diabetes taking into account other related atherogenic vari- _ 


ables, multivariate coefficients were computed and com- - 


` pared with bivariate coefficients taking only age into ac- ` 
` count. Analysis was confined to subjects aged 45 to 74 years - 
` since too few cases occurred before age 45 for meaningful | 
analysis. The bivariate function to assess the regression of 
| incidence of congestive heart failure on diabetic status and 
.age was estimated by the method of Walker and Duncan.* - 
- The multivariate function was estimated by the Walker —— 
.and Duncan maximal likelihood method using, in addition — 


to the variables of age and diabetic status, systolic blood - 
pressure, serum cholesterol and relative weight. 


= Results | 
Frequency of congestive heart failure: During © 
the 18 year follow-up period, congestive heart failure, : 
as defined by the specific criteria, developed in 97 | 
men and 86 women aged 45 to 74 years. The inci- > 


dence of heart failure increased sharply with. age. As 


expected, the incidence was. €onsiderab [greater in |. 






| the subjects - with prior. corona domine rhet a heart x 







with prior coro- | 
Was a male 





are oman sae pen age 2 55 vem e b : 
the subjects with a diagnosis of. conges ve "heart fail - 
ure had coronary disease; more than: three-fourths 





had hypertension. About 6 percent had antecedent 
diabetes, an apparent excess over the expected rate.! 





(or. rheu- ede Ss 
age at each examination; a case was defined as 'a subject 24 

` free of congestive heart failure at a given examination but 

- having failure at the time of the next biennial examination. - 

`` The method of Mantel-Haenzel? was used to construct - 













"DIABETES IN CONGESTIVE HEART FAILURE—KANNEI 





a ABLÊ MO ۱ ۱ 
f ` Annual Incidence of Congestive Heart Failure According to Age, Sex and Diabetic Status at Each Biennial Examination: " z ie 


E vM Year E up Study, 












He 45 to 54 4 Years | E Age | 55 to 64 Years " - B ` Age 65 to 74 Years 


ARES ee "Person Years New CHF. CHF Person Years - ` New CHF — CHE Person Years NewCHF CHF 
(o ~Diabetië Status at Risk Cases E 000 at Risk ure -Cases ج‎ fon 000 at Risk Cases alba 000 













M سس‎ 5 E BE نت‎ Lo (Ro بو نا‎ 3 
m . Diabetic. E E «490 29 0. dedi (OX v 29m. R^ 


Total E ig y, 598 MN BA. n. : ۷3 










For: all ages combined difference in incidence is statistically signife : um <0. [4 ۱ 
Haenzel. DR | d. ts i 5. | C" 






(TA TABLE iv na eee. 
un is Risko of Cc 











| | Incidence | 
۱ ~ Grudé ma E e 
7 p3 p auc Person Years “Annual. ۱ Adjuste 
۱ Diabetic Status ARR Risk per 10, 000 per 10, 9000 












Mini ei sin 


RC Nondabelie 3 o8 
x Diabetic | Eom ی‎ 









۱ vu | 35, 32 — 1953 —— 1975 M xm 
| Diabetic A 190 We. 85 | M. 60 ۰. Ss 















mad of ipie di but for m phon مهن‎ ages men i ad a 
i 4 Told erse risk k and v women a 5- 5-fold increased 











o ٭‎ Hûrê BERGA. EE 
t Significant: atP <0: 05 (chi square = m 50). 
t Significa nt at P <0. 01 (ent, square = 12.53). 





= TABLE vo 


| reais of Antecedent Cafondiy (or Rheumatic) Heart | 
Disease (CHD) Among Patients Aged 45 to 74 Years with | 
Congestive Heart Failure (Diabetic VS. Noridiabetic | 
Subjects): 18 Year t Follgw- Up. Study 3 





Diabetic Subjects ۱ Nondiabetic c Subjects 


l a Bite v. This finding « Biggest s that € the e هس سا 5 تن‎ RO Wami 
risk of congestive heart failure in the subjects with — Méa ee g 

`- diabetes. has another cause than accelerated athero-  - Women ^. 18 7 

—.. genesis and coronary heart disease although age and “Total 35 13 

"d تا‎ of coronary disease are not taken into ac- eee ees ae 












JABETES IN CONGESTIVE H 
TABLE vE 





Annual incidence of Congestive H r1 Failu re (CH F) According 
to Sex and. Diabetic Status at Each Biennial Examination 
cluding Subjects with. Coronary (or Rheumatic) Heart 
bean me ا‎ of F Failu re: 18 Year 








Amal Incidence 


















^ li UE ‘Vous At CHE ` Crude “Adjusted? Relative 
)iabetic Status - Risk Gases per 10, 000 per 10; ,000 Risk 


۱ Men aged 45 to n Years 


284. 32 3.40 13.53 


o ^6 ous sm 27 
$i 24,814 > 38 ۱ ۱ 
3 | Women Aged 45 to 74 Years 
APEE ی‎ 32, 892 30 | (9, 12 9.23 5.481 


= Ton a 71.43. 50.54 


Person — New © E 
Years. CHF. 


| Relative 
Diabetic Status At Risk - Cases 


- Risk 











"6 
3,390. 


ur MMC CD M M CC M بطم سس سس‎ 2 ————— A ae کک ت را ا وھ‎ 


Women Reed, 45 to Years 













Nondiabetic 2,436 — 39 — 160.00 © 14. 39 
Diabe "mo 10 47619. (465. ir 
86 09 با‎ ME 


3.16f 








* Indirect method. | "AIT 
t Sigeificant at P «0.01 level hi square = = 8. 51). 


5 tout in this tabulation. This eer is confirmed 
-by the finding that even when patients with prior 
coronary or rheumatic heart disease were excluded, 
-patients with diabetes still had a four- to fivefold in- ©- 
-creased risk of congestive heart failure (Table VI). ۰ 
Also, among persons with prior coronary or rheumat- _ 
pe heart. disease, diabetic women had an excess rate of 


available (Table VII). 
۱ Laer pressure, cholesterol v 


۱ ‘congestive fàilure a on dias 


` (Table VIII). 


| e in the. Te group. ane: the ون‎ 1 


۱ significant | intreased risk of congestive, failure wa 
group treated with insulin. This was. den 


` been suggested. that some form of cardiom: 


Such diabetic cardiomyopathy could result 





congestive: dut ‘failuré: This € ga coul " ot ۱ 
demonstrated for men in the sm val number of cases : 






















Furthermore, a compariso 
ficients in the bivariate | 
count) and multivariate. 1 





th À regression coef = 





iive apt. as E 
betes isnot 1 me- i; 


Without. coronary heart. disease. a 


duced ھک‎ those in. the iaia 


ang B these facts into io consideratio j 


near that E ا‎ Toi. 


E risk. In women, وس‎ ES 7 are 


substantially larger in women than in men. . 
Role of insulin: Further examination of the 7 
of patients with diabetes who had. congestive heart | 


` failure revealed that more than half were taking insu- 


lin. Treatment of diabetes was therefore subjected to _ 


analysis, revealing that the only subgroup of Vrbem p 







| ی‎ 
a bivariate regression analysis accoun ng Jor 6 a 


ce IX). 


Discussion 
` The finding of an increased risk of en heart- 


| failure i in mavens x subjecta i is not re view. 







۱ - pase. The. ne Fa ‘of obest a eor x ilarly in | 
^ women, and the demonstration that the excess risk of 


myocardial decompensation in the diabetic subject. i is 


independent of all these atherogenic traits are unex- 


pected and indicate some other mechanism. It. has. 
athy is 
associated . ‘with diabetes. The findings reported 







` Metabolic causes of diabetic cardio: 


Det. microangiopathy or an abnormal myocardial 
y most. of its 





energy for contraction from free fatty acids although í 
glucose, lactate and pyruvate are also used. 
reduction in oxygen tension immediately pr 





Any 





changes in the electrical and contractile performance 


_of the heart. Efficient metabolism of fatty acid and 


pyruvate is. hampered by hypoxia, leaving: only the 
glycolytic pathway to. generate the high energy phos- 
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3 PO STAGE STAMÉ NECESSARY ACER N O IOR = 
۱ THE AME ۱ 
' — ' CIRCULATION DEPARTMENT, 9TH FLO i 

ds ° ۰ acces em uU UE IN RE Am ; pore js m 





TABLE MI m Mu 
| Regression of Incidence of Congestive Heart Failure on Diabetes: 18 





Year Follow-Up Study | 





ge . Men Med Lr t n Yan 


ate 


Krebs oa ۱ oa m 
These major ble 
a metabolic basis. for. 


Mula 


tt em 


Regression Coefficient. ۱ ۱ 
۱ معط‎ Aged 45 to 74 Years — 


Bivariate” ۱ Multivariate} _ 


0.12. " u E . VU PME ; 
ERRAND od )47/1,275( 


wu | Bivariate. ۱ 
ae Coefficient | E ۱ 


de 2 vale ofi Bis significan nt at the 0.05 level. 





tient appears ij ht sus i araa to e n - 


heart failure supports the foregoi ng in that only these . 
diabetic patients appear to have difficulty with ex- 
 cessive and faulty acid metabolism leading to ketosis 


as well as impaired glycolysis. The fact that subjects 
with. diabetes of adult onset treated by diet or orally 





administered drugs have no increased risk of conges- - 
» tive h heart failure suggests that the central metabolic ۱ 


»* defect rormoting Failte à may be ketosis zd insulin 
| . deficiency. Once heart failure ensues, the process ap- 
`. pears to be self-perpetuating since it has been shown. 
`. that failure further suppresses insulin release. — 





"Role of insulin-treated diabetes: The finding l 


“that the excess risk of congestive heart failure is con- 
۱ fined. to the. insulin-treated diabetic subjects. raises. 





x “betes lends io pacha failure. Bo fac. insulin- 
` dependent diabetes promotes cardiomyopathy. (3) 
. The insulin treatment itself is damaging to the myo- 
- cardium. The lack of any discernible increased risk of 













‘butamide or diet tends to exclude severity or dura- 
tion of diabetes as the sole mechanism since an inter- 
nediate risk would be expected in this group under 
his hypothesis. Insulin in itself would not seem to be 





abetes of adult onset endogenous insulin levels are 
` often high either spontaneously or as a result of stim- 
ulation by orally administered hypoglycemic agents. 
^ Thus, the most tenable hypothesis is the difference in 























romoter of cardiac decompensation. 


verity from consideration. Congestive heart failure 
could be. primarily a function of either factor and 





diabetes. Data are too scarce in this cohort to assess 





ersus. the duration or severity of diabetes, and these 
spects are difficult to disentangle without conduct- 
ing a controlled experiment. It would be expected 
that the insulin-treated group would have more small 
vessel disease such as nephropathy and retinopathy 
(and. perhaps. in the heart as well). We cannot tell 
rom our data. | 

: Role of large and. small vessel coronary dis- 








` tory of congestive heart failure: ‘the Framingham study. N Engl J 
-. Med 2851441-1448, 1 

. Gordon. T, Kannel WB: The Framingham study: an epidemiologi- 
eal investigation of cardiovascular disease. Sections 1-27, U. S. 
<. Gov't Printing Office, NHLI, Bethesda, Md. 1968-1972 


`. 8, Mantel N, Haenzel W: Statistical aspects of the analysis of data - 


< from retrospective studies of disease. J Natl Cancer Inst 22: 
(.. o 719-748, 1959 —  — 
55.4. Walker SH, Duncan DB: Estimation of the probability of an 





event as a function of several independent variables. Biometrika — 


54:167-179, 1967 


_ B, Kannel WB, Castelli WP, McNamara PM, et al: Role of blood - 
. pressure in the development of congestive heart failure: the - 


. Framingham study. N Engl J Med 287:781—787, 1972 


TS ‘ê. Rubler S, Diugash J, Yuceoglu YZ, et al: New type of cardio- 
myopathy associated with diabetic glomerulosclerosis. Am J ۱ 


Cardiol 30:595-602, 1972 
7. Taylor SH: insulin and heart failure. Br Heart J 33:329-333, 
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congestive heart failure in the group treated with tol- 


the culprit since in the patient with keto-resistant di- - 


is the. kind of diabetes, implicating insulin-dependent, 
ketotic insulinopenic diabetes of early onset as the - 


tis hard to exclude duration of diabetes or T se- 


ence exhibit a particular relation to insulin-treated 


1e effect of the type of treatment required or used 


ease: The excess occurrence of heart failure in pa- - 
tients with diabetes could be a result of either large 

or small vessel disease in the coronary arterial circu- 
lation. Such disease, particularly of the small vessels, 


is more apt to be severe in the insulin-dependent da 
betic patient than in the patient not treated with in- 
sulin. The ischemic myocardium, which i is more de- 
pendent on glucose and insulin for energy, would. be 
especially vulnerable. All diabetic subjects should 
have difficulty in coping with an ischemic myocardial _ 

episode. in view of the. dependence. of the hypoxie 3 


which is a regardless of the type of diabetes. " 
And, indeed, once coronary disease dene d the dia- 
betic subject fares worse than the nondiabet c 






in relation not ane to hcc failure „but 






vival 12 oe MES 
Accelera coronary atherosclerosis a be ee 





infarctions. dt The latter Vp pair e ee 

difference in pathogenetic mechanism from. that of - 
the nondiabetic infarction. Myocardial and small ves- - 
sel abnormalities have been studied less extensively | 
than large vessel disease in the diabetic patient. - 
Myocardial hypertrophy and diffuse, patel 1y fibrosis - 
have been reported more frequently than: macroscop- | 





ic myocardial infarction. Microangiopathy has been .. 


well described in the skin, kidney, retina and skeletal — 
muscle, but has not been well documented in the . 


heart. More systematic studies of the diabetic myo- _ 


cardium and its small vessels. such as those of Blu- 


menthal and co-workers! are urgently needed. These 


investigators reported more proliferative lesions of ~ 
arterial branches of all sizes and of venules as well. 3 
They also found arteriosclerotic-appearing lesions in 
the small arteries and arterioles at least twice as fre 
quently in diabetic as in nondiabetic patients with 
coronary disease.!4 
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: : | EXPERIMENTAL STUDIES 


| e d each year pa hot tmd 
"i rur te from ventricular fibi W 


Un , in the corona it for abolishing ventric 
D e e it cannot be used: in: the prophylaxis of thé. sudd 

_. death syndrome, since it can produce therapeutic blood concen 
^ tions only after parenteral. administration. Recently 1 1 as- 
" NN shown that depot injections of lidocaine. intramuscularly can. effe : 
.. — therapeutic blood levels for several hours,* but this technique is ob- 
^ 57 viously unacceptable for long-term prophylaxis. We therefore studied 
— ..anew antiarrhythmic drug, V " 
. - of lidocaine (Fig. 1). In this paper we describe « our early hemodynami x 
dv and antiarrhythmia studies with this agent i ina canine model. | 


Ke Absorption: Studies | 










rculatory Effects of Astra 5 
































V36095, with a structure similar to th. 


Methods | 


In nine conscious, fasting does W36095 (100 or 50 mg/kg body weight) wu 


۱ administered orally in gelatin capsules. Blood samples were taken for estima- - 
. tion of plasma drug levels at hourly intervals for 6 hours, and then at 24 ۰ 
` hours after administration of the drug in three dogs receiving 100 mg/kg and : 


in six dogs receiving 50 mg/kg. The plasma concentration was determined by- 


. agas chromatographic technique developed by Astra Laboratories. Two mil- . 
. liliters of plasma was alkalinized with sodium hydroxide and extracted with | 
T methylene chloride. The organic solvent was evaporated, and heptafluo- . 
| robutyryl imidazole (HFBI) used as a carrier for gas chromatography. Appro- . 
-` priate internal standards. and calibration curves were utilized to determine - 
` ` drug concentration. » 






NEW.LIDOCAINE-LIKE AGENT—COLTART ET AL. = 000000 








. FIGURE 1. Chemical structure of lidocaine and Astra W36095. 


Hemodynamic Studies | ۱ 
مه‎ mongrel dogs weighing 11 to 23 kg were e premedi- 


rated with morphine sulfate, 2 mg/kg intramuscularly, then 


` anesthetized. with chloralose, 85 mg/kg, and urethane, 625 














ending. aorta by way of the carotid artery and in the jugu- 


Uam idline sternotomy. A BT-250 Bio-Tec solid state pres- 

ure ‘transducer (Bio-Tec Instruments, Pasadena, Calif.) 
as then placed through a stab wound into the apex of the 
. ventricle. Mean aortic blood flow was measured with a 













A escribed.? The aortic flow probe was placed around the as- 
xt ending aorta immediately distal to the coronary arteries. 


` recorder (Honeywell Electronics Medical Systems, Denver, 


| using a Statham P23Db transducer. Left ventricular pres- 
` sure was recorded with the Bio-Tec 250 solid-state trans- 
ducer. The first derivative of the left ventricular pressure 
curve (dP/dt) was measured with a resistance-capacitance 


differentiating circuit, which had a frequency response to a 


^ calibrated triangular wave that was linear to signals of 
: more than 100 Hz. Aortic mean pressure was derived elec- 
-= tronically. 





mg/kg. given intravenously. The animals were intubated — 
-with a cuffed endotracheal tube and ventilated with room - 
ir, using a Harvard respirator. Arterial blood samples were | 
vind بیش‎ ird with a model AME- 1 MR microma- 
etween diede and 7.50. Catheters were placed in E ۳ l 


ı for sampling of blood, and the chest was opened by - 


. gated sine wave electromagnetic flowmeter (Biotronex - 
“Laboratory, Silver Spring, Md.) calibrated as previously 
Recordings were made on a multichannel photographic 2 


. Colo.). The zero level for all pressure measurements was 
taken. at mid-chest level. Aortic pressure was recorded ۰ 





After instrumentation, the animals were allowed 30 min- 
utes to reach a stabilized condition before each study, and a 
tube was passed orally and positioned i in the stomach dur- 
ing this period. The animals were separated ` into two | 
groups of four dogs each, and a solution of either 120 mg/kg ٠ 
or 60 mg/kg of W36095 was given through the stomach . 


tube; the hemodynamic effects were measured at hourly in- _ 


tervals for 6 hours, and plasma samples were taken for as- 


sessment by gas chromatography. An additional group of .— 


four control dogs received an » isovolumic amount: of saline: 
solution. " | i 


Antiarrhythmia Studies 


Arrhythmias were produced i in five adult diongrel dogs in. 
a model of long-term ischemia. These dogs were anesthe- 


 tized with phenobarbital, 30 mg/kg intravenously, intubat- - 


ed and ventilated with room air by means of a Harvard res-. 


j rator. With aseptic precautions, the chest was opened | 
through the fifth intercostal space; the pericardium wasin- 


cised along a line anterior and parallel to the left phrenic : 
nerve and retracted. With careful dissection, the origin of 
the left coronary artery from the aorta and its bifurcation 
into the left anterior descending. and left circumflex arte- | 


ries was isolated. Care was taken to mobilize the coronary __ 
vein away from the coronary artery. Ameroid constrictors e 
were placed around the left circumflex and left anterior de- 
r bifurcation. 
The lungs were expanded and the chest wa closed - in 
layers. After an interval of 6 or more hours, the dogs. were 


scending arteries immediately adjacent to the 





gently restrained on the floor and their electrocardiograms - | 
monitored. They were subsequently monitored every day. 
to determine when they were suitable for inclusion in the. 
antiarrhythmia study. ۱ ۱ 


Criteria for Inclusion in the Study 


Animals were included in the study if Tuc following crite- m 
ria were met: | 
1. The number of abnormal bom was 30 percent. or ۱ 
ae of the total number of beats per minute. — ۱ 
. This frequency of abnormal beats remained constant 
Pe a 3 hour monitoring period. If so, W36095 was admin- 


` istered orally, and hourly monitoring of. the electrocardio- ` 
`. gram was performed with hourly blood sampling for esti- 
` mation of plasma levels of the drug. ۱ 


3. Surgery had been performed not less than 6 hours Dos 


. fore drug administration. 


4. After drug administration, when there was no inge a 


plasma therapeutic concentration of the drug, the number 


of abnormal beats was the same or greater than the control | 
number of abnormal beats per total beats per minute. ۱ 


Results 
Absorption Studies 


In Figure 2 the blood levels of W36095 plotted. on ae ۱ 
logarithmic. scale in grams per milliliter are. ‘shown | 


after the oral absorption of the gelatin capsules by - 
conscious dogs. After administration of 100 mg/kg, a 


half-life of 12 hours for the drug was observed; after. 
administration of 50 mg/kg, the half-life was 8.5 
hours. No animal had any obvious adverse reaction or 
change in hematologic variables or liver function in- 


‘dexes for 3 days after administration of the drug, as 


determined by routine blood and liver function stud- 
ies. ۱ 


e 100 mg/kg. N=3 
EE * 50 mg/kg. Ne. 


۱ p D as 2 HRS- 


` FIGURE 3. The her oi a amic: ek 
p fects of 120 mg/k of Ww ife: Pia : 


۱ ues in control animals. 2i 
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dynamic observations. There was no significant effect 
on the circulatory system after administration of 0 
mg/kg of W36095. 


Antiarrhythmia Studies 


Of seven dogs successfully operated on, five met 
the full criteria for inclusion in the study. Figure 6 il- 
lustrates the typical result in one of these animals 


(Dog 12). At time zero, 100. mg/kg of W36095 pro- 
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‘FIGURE 6. Dog 12. Histogram of 
percent abnormal beats. before 
and after oral administration -of 
.100. mg/kg of W36095. The plas- 
ma co centration: of W36095 is 
shown by the continuous heavy 
line and relates. to the scale on 
the right vertical axis. 
































` FIGURE 7. Dog 12. Representative electrocardio- 
~ graphic rhythm strips. 











NEW LIDOCAINE-LIKE AGENT—COLTART ET AL. 


CHRONIC ISCHAEMIC MODEL 
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ic ischemia does not produce arrhythmias. Sudden death oc- 
don ud 12. 


0 hows in Figure 6. A quantitatively and qualita- 
ly similar response was seen in the four other 
s meeting the full criteria for inclusion in the 
tudy. Plasma levels were again determined by a gas 
hromatographic technique. 


Discussion 


Oral administration of lidocaine has produced very 
v blood levels of the drug. 6 Lidocaine toxicity oc- 
rs much more frequently after oral dosage and at 
h lower blood levels than after intravenous ad- 
nistration.® Lidocaine absorbed from the intestinal 
must pass through the liver by the portal vein 
d obviously undergoes considerable metabolism 
ring a single circulation through the liver.’ It ap- 
ars that the toxicity that occurs almost uniformly 
er oral administration of lidocaine can be ex- 
ained by the resulting high level of metabolites. By 
all alterations in the basic chemical structure of 
locaine (Fig. 1), W36095 can be produced. Thus, 
his agent has a long half-life of plasma concentration 
th a reasonable spectrum of antiarrhythmic actions 
concentrations that produce only minimal myocar- 
ial depression. Whether the degree of such depres- 
ion found in our study in dogs will be clinically ac- 
eptable in man must await the result of initial clini- 
al trials. Extrapolation of data from animals to man 
is notoriously misleading, and at best must be used as 
a guide to predicting possible effects. Clearly, de- 
pressed ventricular function may occur at higher 
plasma concentrations of W36095. 

The metabolic pathway of W36095 has not yet 
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RE 8. Serial electrocardiograms of a dog in which the model of - 


been elucidated but probably, like lidocaine, this 
agent may be metabolized by the microsomal fraction 
of the liver. Thus, with little change in basic chemical 
structure, a totally different pharmacokinetic com- 
pound is produced. The effect of alteration in hepatic 
blood flow on the pharmacokinetic pathway of 
W36095 is unknown. | | 
Antiarrhythmia and chronic ischemia model in 
dogs: The antiarrhythmia model that we developed 
and used in this study provides a sensitive method. 
for estimating antiarrhythmic effects when the strict 
criteria for inclusion in the study are met. Care must 
be taken during the operation to ensure that the con- 
strictors are placed close to the bifurcation of the left 
coronary artery and that no branches, either septal or 
marginal, arising proximal to the constrictors are 
missed. If it is not technically feasible to include 


‘these branches distal to the constrictors, they must 


be ligated separately, since preservation of a single 
branch results in a substantial collateral circulation 
and, thus, in failure to produce a long-term model of 
ischemia. Care must also be taken to avoid ligation or 
compromise of the branch of the left circumflex ar- 
tery that supplies the left atrium. In our early experi- 
ence with this model, ligation or constriction of this 


branch tended to produce a high rate of s supraver : tric- E 


ular arrhythmias in dogs. __ 

Our long-term model of ischemia. (Fig. 8) produces 
progressive ischemic changes in the repolarization 
phase of the electrocardiogram over a period of 2 to 3 
weeks. All dogs that satisfactorily met the criteria for 
inclusion in the antiarrhythmia study experienced 
sudden death between the second and third weeks 
after operation. This model would appear to be a sen- 
sitive, reproducible method of evaluating antiar- 
rhythmic drugs. 

Antiarrhythmic property of W36095: In doses of 
100 mg/kg, W36095 has a potent antiarrhythmic ef- 
fect on arrhythmias induced by gradual constriction 
of the coronary arteries. This dose was chosen for 
study because pharmacokinetic observations suggest- 
ed that long plasma half-life concentrations of this 
agent were possible. It is unfortunate that different 
doses of the drug were administered in the hemody- 
namic studies performed before blood level and an- 
tiarrhythmic data were available. Nevertheless, our 
findings suggest that in doses of 100 mg/kg, W36095 


‘can be expected to produce moderate reduction in 


ventricular function, but to have potent antiarrhyth- 
mic effects. 

We conclude that W36095 may have an important 
role in preventing and treating arrhythmias produced 
by coronary arterial obstruction. However, it may 
produce depression of ventricular function, and fur- 
ther studies are necessary to determine its role in pa- 
tients with myocardial infarction and cardiac ar- 
rhythmias. The long duration of plasma levels and ef- 
fects on arrhythmias found in our study are promis- 
ing. Further documentation of other dose levels for 
antiarrhythmic action is necessary. Studies in both 
animal models and in man are now in progress to de- 
fine these variables. 
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dne. New Englarid Medical Center - Hospital | 


School of Medicine, Boston, Mass. This work - Wiggers! in 1935 noted spontaneous ventricular irritabilit 





Distinctive ` Time ourse of Ventricular Vulnerability to 
ation During and After F Release of Coronary | 





Ligation — 


ditus a | Release of left anterior v descending coronary y artery ligature was per-.. 
JR AIMI, MD, LR DINE (f o 45 mi 





۱ و‎ latter. increasing i with the “duration o Jecthusion. 2) This Ge 

` tion and the lack of correlation between thresholds of induced ventric- - 

. . lar tachycardia or fibrillation and spont is. T 

.. tion after ligature release suggest different electrophysiologic mecha- — * 

nisms for ventricular tachyarrhythmias during. and after release. of cor- O8 
“onary tanen. p | | F- ud as ۱ 








p ۰ Although ventricular vulnerability to fibrillation dating iy cardial: EN | ۱ 
ischemia is well known, the phenomenon of sudden death Hung T Et 





covery from ischemia is not generally appreciated. Ten 


restoration of coronary blood flow after. ‘coronary: o gation i in 


Vatidns To date, ‘however; hoe] is Little Tuionnstion^ on the relative 


frequency. of arrhythmias evoked by release and ligation: or whether 
vulnerability to both coexist during a given period of myocardial isch- 
emia. ۱ 


us vulnerability to fibrilla- — ^" 


o 


* 
z A OF VTVF 
D S 


| FIGURE 1. Time course of ventricular هه‎ 

E" during. coronary artery ligations maintained. yr periods 

of up to 45 minutes in 20 of the.study dogs. Twelve ep-. . | 
odes: of ventricular. tachycardia. or ‘fibrillatior E VIVF) SI 











sode Perd within the first. 8 minutes of e 








PE E 


- ` an unusual abnormality i in the t 





iere observed in 9 of the 20 animals, all but one: ep- d Wu e 5: ac am "c lE 13 


un ` Recent studies on the lu ical ماه رام‎ of heart - 
| ele during recovery | from : hemia have identified rent of injury on 
e course. of tension . 2 QQTMEeCLTOBTa! ns we ver m | 










"MINUTES OF LIGATION 


oe development.!! Reoxygenation of ypoxic muscle or. “ge nee 


Ais E the restoration of blood flow to isc 





emic myocardium ۱ 


p ` was found to evoke a marked prolongation of tension | €? a diu 


development that was not shared by adjacent non- 


uu ischemic muscle. On the basis of a known relation be- | wea 1 





- tween action potential duration and tension. develop- 


z ment, dt has been sugge sted th t the mec anisms for 2° Mutua AR 
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‘after pubem ofi a coronar and related these 


`. observations to measured thresholds of induced fi- 


brillation and to the phenomenon of tension prolon- 


HS gation after restoration. oof blood flow | to panem : 


m E heart muscle. 





Methods | 


ge E: - Experiments w were. performed: in. 32 n oe weigh- ; | l d 
^. ing 15 to 25 kg and anesthetized with. pentobarbital,25 to — 
om air was main- ^ — 







N eye body Weight. V Ventilation ion with 








d ls 5 of 10. minutes. or 
1aintained throughout 





the experimental pei ۱ 
` was monitored by means of a Statham P23Db pressure 


transducer. À thermal blanket: (Gaymar Industries, Iné.) — 
was used to control body temperature. Rectal temperature | 

` was maintained at 37.5? C and never varied by more than ` 

` 1? C, most animals maintaining a constant temperature 


throughout the experiment. A mid- line thoracotomy was 
performed, and the heart suspended in the pericardial cra- 

dle. Silver-disc bipolar epicardial electrodes were sutured 

to the myocardium in the ischemic and nonischemic areas 

of the left ventricular myocardium. The left anterior de- 
..Scending coronary artery was dissected free, usually just 

.:'  . Bbove its last large diagonal branch, and a loose ligature 
`. `. was placed around the vessel. Occlusion of the vessel was 
Ro. accomplished by tightening a snare under direct vision. In 
every case occlusion was followed by cyanosis and paradox- 
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. The systemic arterial. pressure 


July 1974 The American Journal of CARDIOLOGY Volume 34 — 43. — 





۱ مت‎ E the Tektronix wale da wave 3 fori gel 
and d programmed d to tide of Ss ! vulnerable Si gir Gh 













using the principle of voltage drop across a known resistor. 
The stimulis were 8 maintained ate a constant current. | 







mental isometric tension of the myocardium: Was measured 





portion of the left ventricle. Systemic arterial pressure, . 
ischemic and nonischemic electrograms, lead II of the sca- zh 
lar electrocardiogram, isometric tension and left ventricu- — 
dar pressure were recorded on an Electronics for. Medicine > 


eight channel. photographic recorder at paper speeds of 75 Eo 


to 200 mm/sec. In some instances the electrograms and 
: electrocardiogram. were recorded on a four channel fre- 
quency-modulated tape recorder (Hewlett-Packard) for . 
subsequent editing of the onset of ventricular tachyar- . 
rhythmias. Defibrillation was achieved using direct current b 
countershock (American Optical Co.). v 





Results T 

Time Course of Ventricular Tachycardia or Fibrillation 
Experiments on the frequency of spontaneous ven- 
tricular tachycardia and fibrillation were performed 
(1) during ligations of 15 to 45 minutes, and (2) im- 
mediately after release of short- (3 to 6 minutes) and . 











long-term (15 to 45 minutes) ligations. Only the fre- 
. quency of ventricular fibrillation or tachycardia was 
`. analyzed. Ventricular tachycardia was defined as an 
_ episode of multiple (more than 12) consecutive ven- 
-. tricular ectopic beats that was either self-limited or 
~~ progressed to ventricular fibrillation. Only one epi- 
< -sode of spontaneous ventricular fibrillation or tachy- 
cardia was counted during a single ligation-release 
experiment. The order of short- and long-term liga- 
‘tions was varied intentionally. Observations after lig- 
|. ature release were made only when no ventricular ir- 
_. ritability was observed during the minute before re- 
~~ Jease. 







Spontaneous ventricular ی‎ or fibril- 


m lation during ligations: In 20 dogs ligations were 
.. maintained for periods of 15 to 45 minutes. There 
“were 12 episodes of ventricular tachycardia or fibril- 















‘these episodes developed within the first 8 minutes of 
igation. In the 11 dogs in which spontaneous ventric- 
lar tachycardia or fibrillation failed to develop with- 
n 12 minutes of ligation, the arrhythmia never devel- 
ped during long-term occlusions of up to 45 min- 
tes. Thus, the time course of vulnerability to spon- 
aneous. fibrillation during ischemia had a peak with- 
n 3 to 6 minutes and rapidly diminished thereafter. 


during this early period was also evidenced by fre- 


~~ tion, 

. Spontaneous ventricular tachycardia or fibril- 
^ lation after release of ligature: The frequency of 
`. ventricular tachycardia or fibrillation after release of 
-the coronary ligature was studied in two groups of 
.. animals (Fig. 2). In one group of seven animals, there 






e ‘% DOGS DEVELOPING VTVF 





m % ALL RELEASES. PRODUCING - 












۱5 - 45 MINUTE 

TO ۱ LIGATIONS | 

E FIGURE 2. Frequency of ventricular tachycardia or fibrillation (VTVF) 

= . after release of coronary ligation. The arrhythmia developed in 43 

+: .. percent of the dogs (26 percent. ‘of all releases) after release of 

... short-term ligations and in 69 percent of the dogs (48 percent of all 
releases) after release of long-term ligations. 


3-6 MINUTE . 
LIGATIONS | 
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lation i in nine of these animals. (Fig. 1). AH but one of | 


In many experiments, transient electrical instability - 


.. quent premature ventricular contractions, whether or . 
— not they presaged ventricular tachycardia or fibrilla- . 


were 19 ligature releases after 3 to 6 minutes of occlu- | 





sion. In a second group of 13 animals, 21 releases 
were performed after 15 to 45 minutes of occlusion. 
Up to three release determinations were made in a 
single animal. To ensure that control fibrillation 
thresholds remained stable, a minimum of 15 min- 
utes was allowed after each episode of ventricular 
tachycardia or fibrillation.!? An effort was made to 
analyze the response to release after short; and long- | 
term ligations in a randomized order in the same ani- 

mal. Moreover, the number of release determinations 
made was independent of the response of the animal | 
to the first release of ligation. Further to eliminate a 
possible. systemic bias, results were analyzed accord- 


i ing to both the percent of dogs manifesting ventricu- 


lar tachycardia or fibrillation and the percent of all 


releases that evoked either arrhythmia. In both anal- 


yses, the trends were similar. Cardioversion was ac- 


complished within 15 seconds of fibrillation. On occa- 


sions when ventricular fibrillation persisted and was 
not easily converted to sinus rhythm, the experiment. 
was terminated. Ventricular tachycardia or fibrilla- 
tion occurred more frequently after release of a long- 
than after release of a short-term occlusion. (Fig. Ait 

was found in 69 percent of dogs (9 of 13) after release 
of a long-term occlusion and in only 43 percent of 


` dogs (3-of 7) after release of a short-term occlusion, 


Similarly, in all the release. determinations, ventricu- |. 
lar tachycardia or fibrillation: occurred in 48 percent 

of dogs (10 of 21) after release of a long-term occlu- 
sion compared with 26 percent (5 of 19) after release 
of a short-term occlusion. These differences assume 


even greater significance when it is recalled that ven- 


tricular arrhythmia after the short-term ligations oc- 

curred at the time of peak vulnerability to spontane- 
ous fibrillation (during ligation) (Fig. 1). Indeed, the 
development of ventricular. tachycardia or fibrillation 
after. release of a short-term ligation may have been 
in part the result of residual increased vulnerability 
of this phase of ischemia rather than a consequence 


of reperfusion. By contrast, the high rate of ventricu- 


lar tachycardia or fibrillation after release of a long- 


term ligation occurred in the setting of an electrically 


stable myocardium immediately before the release. 
Thus, the time course of vulnerability to fibrillation 
appears to differ strikingly during and after myocar- 

dial ischemia. e 


Thresholds of Induced Ventricular Tachycardia or 
Fibrillation 

Experiments were performed in 22 dogs. With use 
of gated stimuli during repolarization, thresholds for 


` ventricular tachycardia or fibrillation were measured 


(1) during the control periods, (2) toward the end of. 
short-term occlusions, (3) within 2 minutes of release 
of short-term occlusions, (4) toward the end of long- 
term occlusions, and (5) within 2 minutes of release 
of long-term occlusions. Each animal. served as its 
own control. The order of experiments. was varied, 

and not all states were necessarily studied in the 
same dog. To ensure paired statistical analysis, sepa- 
rate controls were employed for long-term occlusions 
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* valu ‘tained v within: 90 seconds s These f fibril- 
1 “lation. thresholds during and after hort periods of li- 
gation correlate well with data or 

. spontaneous fibrillation during these states. 
Long-term: ligation thresholds: The. results of 
` the studies of fibrillation thresholds during ligations 
` of longer than 15 minutes in six animals appear in 
. Figure 3B. The fibrillation threshold during these li- 
` gations returned toward the control level (oc lusion 
` 18.6, +21.9, —10.0 ma versus control 29.6, +12.0, —8.6 









ma, not significant). This high threshold during a 


` long-term ligation accurately reflects the relative im- 








.. of this state. 


after a long-term ligation of more than 15 minutes in 
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ULAR VULNERABILITY TO FIBRILLATION—BATTLE 
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۱  long-t term. the do hot ان‎ the upon 


<0, UR ma verit ding § re- , P ioi ni (Fi ig. 4). 
lar fibrillation thresholds rap- - 
وس‎ control level = +88, | 






à end) “toward? the d of either 5 minute: or 301 min 
ute ligation eriods, and 30, 60, 90, 120, 150 and 180 





xn dogs. During both short- and lon 
or 9 tension and یت‎ duration: de: 


e el pm : 
. seconds and did not X significantly differ from Li 
-. values thereafter. In contrast, there was a marked- 
` prolongation of tension duration after release of both - 
short- and long-term ligations. This tension prolon- | 
gation reached a maximum 1 minute after release. 
There was no significant difference between the mag- | 
nitude of tension prolongation after ligations of 5 and . 
20 minutes’ duration (Fig. 4, top panel). Thus, the 
similarity of mechanical characteristics during re-. 
lease of short- and long- term occlusions contrasts 
with the electrophysiologic differences of these two. 
phases. E : 


45 


























` VENTRICULAR VULNERABILITY TO FIBRILLATION—BATTLE ET AL. = 


+20 % 











SHORT LIGATIONS‏ هو 
oe LONG LIGATIONS‏ 


60 .90 12۵ ۰ !50 180 
SECONDS AFTER RELEASE 
GURE 4. Duration of segmental tension and ventricular pressure 
$ /elopment before and. after release of coronary ligation. Upper 
8 panel, duration of segmental. isometric tension development (tension — 
^ RT2/3) in the control state, the ligation. period and during the first ۰ 
. minutes after release of short- and long-term ligations. Lower panel, 
duration. of- pressure development. by the left. ventricle (pressure 


ONTROL. LIGATION 30 


C "RBToa. plotted in similar fashion. Tension prolongation within the isch- | 


emic segment is of the same magnitude after.release of short-term l 
(5 minutes) and long-term (20 minutes) ligations. Averages + stan- 
dard errors of the means of 12 experiments in four dogs are shown. 


Discussion 


Fibrillation thresholds during occlüsion and — 
reperfusion: The studies: point to a distinctive time 
ourse of vulnerability to spontaneous ventricular fi- 
brillation during as compared with after myocardial 
ischemia. During ischemia, vulnerability peaks rapid- 
ly during the first few minutes and then diminishes. 
In contrast, the spontaneous vulnerability after isch- 
emia is more marked immediately after release of a 
long-term ligation than after release of a short- term -— 
ligation. These observations of the time course of - 
spontaneous ventricular irritability during ischemia _ 
are in keeping with data from other experimental — 
studies?!344 that also demonstrated increased vul- ` 
nerability to ventricular fibrillation during early oc- 
clusion with a return toward electrical stability de- 
spite continued ischemia. s 
- The phenomenon of vulnerability i fibrillation 
during reperfusion has been previously observed.” 
469. However, there are few observations on the 
relation between the duration of ligation and the 
phenomenon of vulnerability to fibrillation upon re- 
lease of the ligature. The present studies reveal a 
` striking frequency of fibrillation upon release of a 








* 


- long-term ligation which actually exceeds that ob- 
= served during the first minutes of abrupt ligation. 


The low fibrillation thresholds during early myo- 





cardial ischemia correspond to the spontaneous vul- 
nerability of this phase. This rapid fall in fibrillation 
threshold during coronary occlusion has been pre- 
viously reported.!?-!? Our observations on the time. 
course of threshold changes during ischemia are in. 
accord with the findings of Burgess et al.,? who dem- 
onstrated a reduction in fibrillation threshold early | 
in occlusion and a return to control levels despite i 
continued myocardial ischemia. | ~ 

In the light of a good. correlation between fibrilla- 
tion thresholds and spontaneous vulnerability to fi- 


` brillation during occlusion, it was unexpected that fi- 
„` brillation. 
term ligation did not differ significantly from control 





hresholds during reperfusion after a long- 


values. Several explanations must be considered. It is 
possible that the method of testing might not have 


been fast enough to detect a transient fall in the ven- 
tricular fibrillation threshold. Ventricular fibrillation. 
thresholds were usually obtained within 90 seconds. 
`. of release (see Results). Although. most episodes of 


spontaneous fibrillation occur within 30 seconds of 
release, ona number of occasions, fibrillation has oc- 






the time ei for determination. of fibrillation. en 
thresholds. An alternative explanatio 2 Ded 





tricular fibrillation thresholds during the. imiediate ao 


reperfused state do not reflect the spontaneous irrita- = 





bility of this: phase. ET x "s - 
Correlation of mechanical: and: éleatrophysio- eT 
logic disturbances: Previous studies!! have indicat- . 
eda prolongation of both tension and the Q- T inter- 
val during recovery from ischemia. Our studies con-: 
firm this prolongation of tension after release from 
myocardial ischemia. However, the magnitude of ten- - 








` sion prolongation was identical after release of short- e 
and. long- term ligations, whereas the ventricular irri- 


tability was more striking after release of a long-term 


ligation. As such, there appears to be no correlation. 


between the mechanical. characteristics of the phase 


` ` of recovery from ischemia and the electrophysiologic 
disturbances of this phase. In one animal after re- 
lease of a 20 minute ligation, ventricular tachycardia - 


developed within 15 to 20 seconds. The arrhythmia 


_ spontaneously reverted to sinus rhythm. Yet, it was 
not until 45 to 60 seconds after release that tension 
prolongation began to develop, thereby suggesting 
` that the mechanical and electrophysiologic charac- | 
teristics of this phase are not temporally related. ۱ 


Mechanism of vulnerability to fibrillation dur- 


ng reperfusion: The mechanism of. ‘spontaneous E 


vulnerability. to fibrillation during coronary reperfu- 


‘sion remains obscure. It has been observed that if 


blood flow is gradually returned or if perfusion. is 
maintained even though hypoxia is present,’ 5 the inci- 
dence of instability on restoration of coronary. flow is 
diminished. The findings suggest that a sudden 
change of state (perhaps electrolytic environment) i is 
necessary for development of irritability. In this re- 
gard, Harris!e has shown a high concentration of po- 
tassium in the adjacent coronary vein during coro- 
nary occlusion. A rapid N of this high concen- 
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ULAR VULNERABILITY TO — LE 


| ME tration could be the basis for electrical instability. It ing and after myocardial ischemia soit to diff 
is unlikely that adrenergic mechanisms would be im- | ente lectrophysiologic mechanisms. It remains to- 

. mediately involved since there is evidence that sym- | . seen. whether this vulnerability during. reperfusi 
` pathectomy does not decrease the frequency of insta- —.. has a clinical counterpart. If so, the different elect: 
bility on release of occlusion? — physiologic bases for vulnerability of the phases of | 
— Clinical implications: The contrasting time ischemia and reperfusion may have important thera 
courses of vilnerability t to ی‎ l fibrillation ۱ peutie, implications, ke 
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e Resting coronary f 
. rowing of up to 85 
little insight into th 


edly reduced by conet 


۱ acteristics it oa: constrictions: en 


E pans Aen levels i in response to a | esie ta stimulus ee flow over 
with constriction of 88 to 93 percent of arterial diameter.! 1 Similarly, — 
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2 Department of Medicine, University of Washing- — 
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:ffects of Coronary Stenoses on Coronary Flow 
eserve and Resistance 








However, maximal or 







ba stenoses in series are ? shown to E 






regional t flow v distribution i is s normal with stenosis of 85 i ger of be. ۱ 





: iniection E Hypaque-M 7 15 paren” in ME e Tor coronary 


cineangiography, stimulates transient. maximal- vasodilatation and 





` coronary flow,! probably because of the high osmol- 

ality of this agent rather than its specific pharmaco- 

: ` logic properties.?^ This hyperemic response after in- 
۰ tracoronary injection of contrast medium, expressed 
۱ as the ratio of maximal hyperemic flow after injection 
to resting basal flow before injection, is a quantita- 

tive expression for coronary flow reserve. It relates 
closely tó percent arterial narrowing, regional flow 


distribution, pressure graoen; and resistance of cor- 


onary stenosis. 


In this report, coronary flow reserve is further ag 
tus amined | we partic lat reference to multiple . coro- .— 





a و‎ yesistance e level of sten es in serie are e additive, 





- contrary to the common but imprecise clinical con- 


cept that the hemodynamics. of a diseased coronary ۱ zx 
. artery are determined. by the. dominant or most se- i 


M. vere lesion. 
` Methods 





oe Soman shepherd dogs. were studied. Pentobarbital anes- 
^. thesia was induced 1 hour after subcutaneous. administra- 
tion of 30 to 45 mg of morphine sulfate. Respirations were 

. controlled with a Harvard ventilatory pump through a 
“cuffed endotracheal tube. Respiratory volumes were moni- 
tored with a Draeger volumeter and blood gases main- 


: tained normal by volume. dice and SEDE 


oxygen if necessary. 
~ dn the first 10 dogs, 
was isolated thre 








`: Seventeen ی تم‎ TA 20 to 40 kg. black 1 or - 


t in bo veh Ar P R branches. Mis 23 
.snare could. be closed by small precise amounts according > - 





















TENOSES AND CORONARY FLOW—GOULD AND LIPSCOMB 


‘sures were measured in the aorta with a Statham P-28D 
transducer and in the circumflex catheters with solid sta 
microdisplacement Kulite PSL 125-6 transducers, all 
which were matched before, during and after each exper 
ment. Blood flow in the left circumflex coronary artery wa 
measured with a Zepeda square wave electromagnetic flow 
meter operating at 400 Hz with flow transducers calibrate 
in vivo by beaker and stopwatch. 

Occlusive zero at the beginning of each study corre 
sponded to occlusive zero at the end of each study. Pres 
sures and flows were recorded in the phasic and mea 
modes simultaneously. A limb. lead electrocardiogram wa 

‘also monitored. - ۱ 
Experimental rocbduite: All dogs were heparinized i in 
_ travenously. Base-line. resting. flow. was recorded; the le: 
^ circumflex artery was gently occluded with forceps for 
B seconds and the hyperemic response recorded. The circum 
| e er en inserted. and the response of reac 






















jew corded. to verify. that these catheters did not impair flow re 
. sponses. Coronary flow, aortic pressure and coronary arte 
rial pressure distal to the. proximal constrictor (proxime 
circumflex pressure) and distal to the second constricte 
(distal. circumflex pressure) 1 were then recorded through: 
the experiment. Contrast. medium (sodium and meglu 
: diatrizoate, Hypaque-M, 75 percent) was injected int 
coronary artery through the distal circumflex cathetei 

. dose was sufficient for. fluoroscopic opacification | equi 
lent to that for. clinical coronary angiography and was 
stant for each. dog, averaging 3.1 cc (0.12 cc/kg). B 
each injection, coronary flow and aortic and circumflex c 
onary pressures were allowed to stabilize. Contrast medi 
was then injected while these variables were recorded. con 
tinuously until all variables returned to preinjection le 1 
After stabilization. again, one or both constrictors. 
„tightened: and injection of contrast medium was repeatec 

` In 14 to 22 such steps one or both constrictors were t 
 ened to complete occlusion. . 
In the seven dogs with double cannes in ser 

r proximal constrictor was set at a fixed, constant level 
` stenosis sufficient to produce a modest pressure gradi 
` across: the proximal. stenosis. The distal constrictor: wa 
then progressively, t tightened i in increments from | zero ste 














d E to the 0.01 mm micrometer scale. Approximately lemdis- . E 


tal. to inu ۳ o a small ae mm outside diameter; 1 1. 5 E D. 





| hereafter a ihe ۳ catheter.. 


^^ In the subsequent seven dogs, the left circumflex AH | 


` was extensively dissected and a second micrometer con- 






was: again | pro 
-stenosis to CC 





strictor was placed distal to the first circumflex. catheter EM 


and a second Teflon catheter inserted. distal to the second 5 d 
constrictor but proximal to major branching of the circum- 
flex artery. As demonstrated previously,? neither the flow - 


transducer nor circumflex catheters affected maximal coro- 
nary flow levels or induced significant pressure gradients. 
` This observation was repeatedly confirmed by recording 


maximal flows before and after insertion of the circumflex |. 


catheters and by recording circumflex coronary pressure 

during hyperemia before and after removal of the flow 

. transducer. In these seven dogs two stenoses in series could 

be produced and the pressure gradient across each stenosis 

3 obtained separately. A 30 cm, no. 8F Teflon catheter was 

inserted into the base of the aorta through the left carotid‏ اة 
artery in all dogs.‏ : 

All data were recorded on an Electronics for Medicine 

DR-12 recorder at paper speeds of 25 to 100 mm/sec. Pres- 
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۱ with the preexperiment response. “After ی با‎ of MM flow 
— transducer, 10 seconds of occlusion was again induced to 
. verify that the flow transducer produced no pressure grad 
.ent at peak hyperemia. en 
Analysis of pressure-flow data: All pressure and flow 

data were analyzed in terms of mean values. Flow levels ` 
were divided by, or normalized to, each dog' s resting flo: 

` level at the beginning of the experiment in order to calcu 
late resistance, that is, pressure-flow relation, for each ste- = 
nosis. The hyperemic response was defined as the ratio be- 
tween maximal hyperemic mean flow after injection of con- - 
trast medium and resting mean flow immediately before in- 
jection. For example, a hyperemic response of 4.0 indicates . 
that mean coronary flow increased to four times resting 





















CORONARY STENOSES AND CORONARY FLOW—GOULD AND LIPSCOMB 
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| PER CENT DIAMETER STENOSIS 
FIGURE 2. Relation of percent diameter narrowing of a single steno- 


. | MEAN HYPEREMIC FLOW/MEAN RESTING FLOW 




















‘nary injection of contrast mediùm in 10 consecutive dogs. Hyper- 
mic responses are expressed: as the ratio of hyperemic mean flow 
after injection of contrast medium to resting basal mean flow before 





equation y = 41 + 6(1074x —1.4(1075)x? — 3.5. (107553. The 


: dogs. 


basal flow in response to injection of contrast medium. 
Total micrometer excursion of each constrictor was deter- 
mined as the difference between the base-line micrometer 
reading at zero lesion and the reading at 100 percent occlu- 
sion. Percent diameter constriction was then calculated for 
each intervening micrometer setting by the following equa- 
tion: 


% lesion = 100 [(micrometer reading at no lesion 
-* ~ reading at each step)/total mitrometer excursion] 


Although the micrometer excursion measured circumfer- 
ence change, percent circumference change equals percent 
> diameter change. All values for percent stenosis in this re- 
ERI port refer to percent decrease in diameter. Since no correc- 
` tion was made for wall thickening during constriction, per- 
-. cent stenosis as determined here probably underestimates 
.- somewhat the internal diameter stenosis. 

Data were analyzed with a digital PDP-8 computer and 
regression lines plotted by least squares fitting to a power 
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is. of the circumflex artery to hyperemic responses after intracoro- 


‘each injection. The solid line is the best fit curve according to the 


.shaded area indicates the limits of the relations plotted for individual - 


FIGURE 1. Recordings in one experiment of resting ` 
aortic pressure (Ao), circumflex pressure distal to the - 
first constrictor (Pp), circumflex pressure distal to the ` 

. second constrictor (Pa) and coronary flqw (F) in the 
resting basal state. A, a recording with no stenoses. B, - 
there is a small proximal. gradient. and. greater distal 
gradient. Mean and phasic pressures are separately - 

. recorded for this example. Mean coronary flow is re- - 
 corded in B because phasic components are damped 
out from constrictions causing these gradients. Trac- 
ings shown are thicker and darker than actual data for 
purposes of reproduction. Only mean. pressures and 7 
flows were S for subsequent oe presented. 


series, linear or exponential equations in order to draw 
smooth mathematically accurate curves through plotted 
data points. Some best fit curves were polynomials and - 


others exponential; they are accurate only within the limits 
of the primary data. The equations probably do not con- 


tribute physiologic information beyond that of nonlinear — 
correlation but are included in the legends for complete- 


ness. As defined previously, coronary stenosis resistance. rra i 
was calculated as the slope of the regression line relating. m 
| pressure gradient across the stenosis to the normalized - AN 


mean coronary flow through it.2 Stenosis resistance thus — 


characterizes’ a lesion in. terms of its pressure-flow conse- | 

. quences . regardless of its anatomic length, diameter or 

. shape and regardless of the amount of flow. Total resis- 
- tance across both stenoses w 
of the: regression. line relating. flow t to sotal gradient across 


determined from the slope 





both lesions: ۱ 


۱ ۱ ۱ ` Results : | 
Resting ‘values: Typical records. of resting coro- 


nary flow and aortic, proximal and distal circumflex | 


coronary arterial pressures are illustrated in Figure 1. 
In this example the proximal constrictor was set at a 
fixed level of stenosis sufficient to cause a small rest- 
ing pressure gradient, and the distal constrictor was | 
tightened in increments to produce an increasingly | 


greater distal gradient. The coronary pulse pressure 


distal to a severe stenosis is usually greater than aor- - 
tic pulse pressure (Fig. 1B). These marked systolic- 
diastolic pressure fluctuations result from limited di- | 
astolic inflow through the stenosis into the distal cor- - 


onary vascular bed. In the absence of normal diastol- 


ic inflow the diastolic coronary pressure decreases © 


precipitously as the vascular bed expands after sys- 


tolic compression. However, systolic coronary arterial © 
pressure distal to the stenosis is relatively great be- - 
cause of compression of the myocardial vascular bed. _ 
The rate of rise of this coronary pulse pressure is 
quite steep, also because of sudden systolic compres- 
sion of the incompletely filled and therefore relative- - 
ly flaccid vascular bed beyond the stenosis. These 
findings contrast with the damped pulse pressures 
distal to stenoses in all other arteries of the body in 
which systolic compression is absent. With complete - 
or near complete occlusion, diastolic inflow is elimi- - 
nated completely. The coronary vascular bed is then 
emptied of blood and becomes so flaccid that little 
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tion ina representative ییا‎ In i this s dog ie 
.peremic responses decreased with a single progressive 
stenosis just as demonstrated in the résults. 1 for all 
` dogs plotted together in Figure 2. W 


mal stenosis of 75 percent, all Hvperemic- responses 7 


-recorded during progressive distal constriction were 


shifted downward. For example, the hyperemic re 


sponse of two 75 percent constrictions in series was 
.. less than that of a single 75 percent stenosis. With a 
us critical proximal narrowing of 88 percent all hyper- 
. ` emic responses were ablated in this experiment and 
`. there was no coronary reserve left for i increasing flow 
. in response to vasodilatory stimuli. It is apparent 
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is HYPEREMIC MEAN PRESSURE GRADIENT 


5 . The « ید‎ line indicates pressure. یی‎ 
E across a singe enosis Shown for comparison. 


` from Figure: 3 that the hyperemic response is deter- 
"mined by the sum of the resistances of each stenosis 
in series. Figures 4 to 10 document this point further 
in terms of pressure gradients, circumflex coronary 
perfusion pressure distal to both stenoses, and total 
coronary stenoses resistance. ۱ 
Figure 4 shows the relation between hyperemic re- 
sponse, or coronary flow reserve, and the total pres- 

| gure gradient across both stenoses at resting coronary. 
flow levels. The dashed line represents the same rela-. 
tion plotted for single stenosis from the first 10 dogs. 
The curves for single and double stenoses in series 
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ist medium. ‘Distal circumflex. coronary perfusion pressure is 





he solid line is y = 1 — 3-1, The dashed line indicates circum- 
flex coronary perfusion pressure distal to a single stenosis shown for 
eee 


` gre virtually identical. As the و‎ response, or | 
- "coronary flow reserve, was reduced to 2.4 because of 

^ progressive stenoses, total resting pressure gradient. | 
zT . increased dramatically. The dashed lines of Figures 
5 and 10 for single stenosis are for comparison with - 






the data on double stenoses in series. 
Figure 5 shows the relation between hyperemic re- 



















r umflex pressure during peak hyperemia when perfu- 
-— sion pressure decreased to much lower values than at 
. resting flow levels. As before, the dashed line, indi- 
... cating the same relation for a single stenosis, is simi- 
S. dar to that for double stenoses in series. These curves 
_ in comparison with those in Figure 6 show that for 
`. any given reduction in coronary flow reserve the dis- 
> tal coronary perfusion pressure is much lower during 
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_ CORONARY STENOSES AND CORONARY FLOW—GOULD AND LIPSCOMB ` 


FIGURE 6. ‘Relation of distal circumflex. coronary perfusion pressure 1 
esting coronary flow to hyperemic. responses after injection of - 


essed as a ratio of circumflex pressure to aortic pressure, The —— 
solid line, data points. and. equation indicate circumflex coronary — 
pe usion. pressure distal to two stenoses in series; the equation for — 


sponses after injection of contrast medium and the - 
total pressure gradient across both stenoses during — 
peak hyperemia when gradients are maximal The — 
dashed line, indicating the same relation for a single | ۱ 
stenosis, is similar to that for double lesions in series. _ 
Figure 6 shows the relation of hyperemic responses . 
nd distal circumflex perfusion pressure distal to all 
stenoses, expressed as a ratio to aortic pressure. As —— 
hyperemic responses decreased to less than 2.4, rest — 
ing distal coronary perfusion pressure decreased © 

sharply. The dashed line, indicating the same rela- _ 
tion for a single stenosis, is identical to that for dou- — 
ble stenoses in series. "The. data show that coronary © 
perfusion pressure at rest begins to decrease when 

coronary flow reserve is reduced 2.0 to 2.4, before 

resting coronary flow decreases. Figure 7 shows the — 
relation between hyperemic responses and distal cir- - 
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FIGURE 7. ‘Relation of distal circumflex i coronary y perfusion pressure " 
at hyperemic flow to. hyperemic. responses after i 
medium. The. solid line, data points and equation 






cates circumflex - coronary - perfusion. distal to a | single stenosis eed 


| swe for PE 


| hyperemic. flow than at resting flow levels. Thus, if 
coronary vasodilatation occurs in the presence of re- 


stricted coronary flow reserve, coronary perfusion 


`` pressure and therefore oxygen delivery to the endo- 1 
| cardium will decrease. l 


Examples of pressure- flow. relations: for each of : 
two stenoses in series are shown in Figure 8. The. 


` slope of each regression line shown is the numerical: 


value for resistance, as indicated beside each line. 


` Figure 8A illustrates the separate individual resis- 
- tances of two lesions (Rp, proximal, and Ra, distal) in. 
` series. The total or combined resistance across both 
` stenoses was calculated separately from the relation. 

between normalized flow and total pressure gradient. ۱ 


It is equal to the sum of the resistances calculated in- 


۲ dependently for each of the stenoses in series. Figure 
8B illustrates the same pressure-flow relations and. 


resistances with a relatively greater distal constric- _ 


tion. The slope of the regression line characterizing - 
` this greater distal stenosis is much steeper than be- | 
fore, indicating a greater gradient for a given. flow ۱ 


level. Again, total resistance calculated separately. 


- from the total decrease in pressure across both steno- 


ses is equal to the sum of resistances calculated sepa- 


rately for each stenosis. One. hundred. twenty- five. 


pairs of stenoses in series in the seven dogs were ana- 
lyzed in this manner. In every instance total resis- 
tance determined independently from total gradient- 
flow relations equaled the sum of two individual re- 


 sistances calculated separately. Representative ex- 


amples from each experiment are shown in Table I. 
Figure 9 shows the relation between hyperemic re- 


ion of contrast. 
sate. circumflex NS 
coronary perfusion. pressure. distal to two stenoses in series; the ~~ 
equation for the solid line is y — 1.— &e795x. The dashed line indi- — 
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| FIGURE 9. Relation of total coronary stenoses resistance to: hyper- 
; ,emic responses: after injection of contrast medium. The solid line, 
2 oi joints and equation. indicate. total. id ne ley, Ice auc two steno- 
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l ۱ “PER CENT DIAMETER DISTAL STENOSIS. - 
l FIGURE 10: Relation of the coronary stenosis resistance of a fixed 
“proximal: stenosis of 75 percent. of arterial diameter and of a pro- 
gressive distal stenosis to percent diameter constriction of the pro- 
` gressive distal stenosis. As distal constriction increases . distal steno- 
sis resistance (R4) increases; however, the resistance ' anato-- 
mically fixed proximal stenosis of 75 percent of arterial diameter (Rp) 
۱ decreases PUN in: Comparison with the large increase in distal (ec 
E sistance. a 
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` CORONARY STENOSES AND CORONARY 
E e PONE 


"TABLET! 


Representative Examples (from 125 Pairs) of Total Resistance 
of Two Coronary Stenoses i in Series* 












_ Resistance 


“Dog” ^ ` Proximal Distal Total 
ONO. E Stenosis Stenosis Stenoses 





780. 8 + 34 Ri 
PELO 2.4 ~~» 27.8 |. 80.2 
24:2 . 64 30.6 

19.7 — — 22.8 — 40.5 

15 ^ 22 | . 19.4 - 913 
42.9 34 بم ت14 ۲ 

19 ^". * 38 | 11.7 
` 416 |. 46,8. 


(384 — ` 40.3 
53.3 . 63.0 ۰ 


(784 9 

6 7770 4L8. 7.5 
& LUN x ۲ 

5 


m pose v E 72.6 
nm 13... 7 هه‎ . ^ 459 


_ * Coronary stenosis resistance defined in text. 






nce increased. because o 
peremic responses after i 
diminished. The dashe 


progressive stenosis, hy- 











the “break point” at hy 
2.4 rather than any differences in the basic relations. 


of the anatomically fixed. proximal stenosis was ob- 
served to decrease slightly as the distal constrictor 
Was tightened and distal resistance greatly increased. 
` An example of this observation is illustrated in Fig- 
-ure 10 showing resistance of each of two stenoses in 
"series; the proximal constriction was anatomically 
fixed at 75 percent narrowing while the distal con- 
: striction was progressively increased. As the resis- 
D ۱ tance of the distal constriction increased from less 











` important explanation is that resting coro: s 
and regional distribution are little affected by even = 
severe stenosis, short of total or near total occlusion. 


sponses mre coronary stenosis resistance. PUE resis- - 


et ion of contrast medium | 
! d line, indicating the same 
“relation for single stenoses, is. only slightly different. — 
from that for double stenoses in series. The differ- - 
ences in these curves reflect the shape. or sharpness of |. 
remie responses of about — 


- In most of these studies the calculated resistance | 





. than 1 up to 42, the resistance of the fixed proximal 


stenosis decreased from approximately 10 to 5. This. 
decrease to. a value 0.5 times the initial resistance 
value was a relatively small change. compared. with. 
the greater than 40 times increase in distal resistance; 
however, it was persistently found. On the average, 
the resistance of the anatomically fixed proximal ste- 
nosis decreased to 0.6 times its initial value as, the 





` distal stenosis increased by an average of 34 times. As 
e subsequently discussed, this. relatively minor change 
` in the resistance of the fixed proximal lesion after the 
addition of a. major distal stenosis is probably due to 


the distal stenosis eliminating turbulence down- 
stream 1 from a single lesion. Be: | 


Discussion 


Measurements of coronary. blood flow in man have 
not been of diagnostic benefit nor. provided insights 
into the hemodynamic consequences of coronary ste- 
noses. This deficiency may be related in part to 
methodologic limitations of current: techniques. for 
measuring coronary flow in man. However, a more 





Consequently, a new api oach has been developed i in 


which the effects of ste osis on coronary hemody-  . 
namics are expressed in terms of altered maximal > 
| rather than resting coronary flow. In the resting basal 


state the variability. of coronary vascular bed resis- 


. tance is sufficient to prevent. experimental analysis of 
| pressure- -flow relations across stenoses of the proxi- 


mal or major coronary arteries. However, with maxi- 
mal vasodilatation of the coronary bed,  pressure-flow T 


relations across proximal stenoses and across the dis- _ 
—.. tal coronary bed may be separately analyzed. Ithas 
also been previously shown that intracoronary injec- 
^- tion of contrast medium in doses adequate for coro- 
| nary cineangiography i is a convenient, potent and re- 
 peatable stimulus for transient, maximal coronary 
` vasodilatation and flow, comparable to that following ۱ 
complete occlusion for 10 seconds. ? — l 


Results from earlier studies have indicated that. 


| hyperemic responses to vasodilatory. stimuli such as 

` temporary occlusion? or to contrast agents! were im- — 

^ paired by relatively mild constrictions that did not. . 
. affect resting flow. From these observations à quanti- l 
 tative measure of coronary flow reserve has been de- 
veloped and defined as the ratio of maximal hyper- - 


emic flow after injection. of contrast medium to rest- i 


. ing basal flow before injection. Earlier experimental 
results also suggested that coronary flow reserve so- 


defined was closely related to and. predictive. of the. 
resistance and pressure gradient across a single coro- | 
nary constriction. ۱ 
Coronary flow reserve with single stenosis and | 
quantitative measure of coronary flow. reserve was 
further examined in terms of single coronary stenosis 
and pressure-flow characteristics of double steno- 
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ronary flow 










-onary flow levels; (2) distal coronary perfusion pres- 
‘sure at resting and hyperemic coronary flow levels; 


-—- and (3) coronary stenosis resistance regardless of flow _ 


> -Jevels or of the anatomic characteristics of lesions. 
- -We do not imply that hyperemic responses to con- 
`" trast agents should be used to predict pressure gradi- 
ents, distal perfusion pressure or stenosis resistance 























the hyperemic response, as a quanti 
of coronary flow reserve, is in i 

al  pressure-flow-resistance relations. characteriz- 
stenoses of a coronary artery. | 


ve expression 





lynamics are. determined by the most severe le- 
ion ina. coronary artery. Our data indicate that. this 
concept is imprecise. es 
ances of stenoses in | Serie 
the effects of constriction in seri 
-plex. In some circumstan ۱ 
-For example, stenosis of 80 percent of arterial diame- 



















-previous studies’; if in series with 95 percent stenosis, 
| degree of constriction that does affect resting flow, 
Re: more severe lesion. would. 











percent stenosis, a degree of narrowing that does re- 


` duce hyperemic response, the more severe lesion 


would also determine entirely the effects on hyper- 


—.. emic flow. However, if both lesions are separately se- 
| vere enough to reduce. flow, their. effects. in series 
` would be additive and the more severe lesion would ^ an 
` ` not determine all the effects on flow. Figure 3 illus- proxima 
` trates an example. "The hyperemic | response of two 75 = 










-percent stenoses in series is less than that of one ste- 







the hemodynamic effects of stenoses 
nder restricted rcumstances related 0 the severity 
1 E to. which. low is elevated 


over basal resting levels. 
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- 1963 
. 4. Wolf GL, Gerlings ED, Wilson WJ: Depression of myocardial con- 


tractility induced by hypertonic coronary ve in the isolated 









cin clinical circumstances. Instead, we emphasize that 


itself a single measure 
sa common clinical precept ‘that coronary he- : 


Pressure gradients and resis- - 
ies are clearly additive but spread usec 
11 s on flow are com- . od for assess 
this concept is accurate. i 


ter did not reduce resting. coronary flow in this or — 


ermine entirely the 

effec arly, stenosis of 30 per- 
E ut of. arterial diameter does not. reduce hyperemic _ 
response, or coronary | flow reserve; ifi ins ries with 60 ۰ 


-nosis alone. Similarly, two 95 percent stenoses in se- - 
ries reduce resting flow more than one alone. Thus, 
the maxim that the more severe lesion determines | 
۱ accurate only 


fixed. stenosis decreases slightly with the addition of . 


NOSES AND CORONARY FLOW—GOULD AND LIPSCOMB. 


.. ses in series. Specifically, these characteristics are (1) Hm The observation that resistance of an anatomically 


`` total pressure gradient at resting and hyperemic cor- 








a severe more distal stenosis requires comment. Tur- . E 
bulence occurring downstream from a stenosis dimin- . 


tion is added. Elimination of downstream turbu- 
lence and the kinetic energy loss associated with it 


ishes or disappears if a more severe distal constric- ` 


would theoretically reduce the energy loss, and there- _ 3 
fore pressure loss, across the proximal stenosis fora — . 





given flow. level. 

`` any given. flow MN 
. decreased 
. were anatomical 
i elimination of. urbulence i 









fixed. Although difficult to prove, 
ime. most reasonable e ex- 









"consideration | ۵ 
However, the i im 





| being of diagnostic value. 
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Changes i in Left Ventricular Wall Dimensions E During | 
۷ lyocardial Ischemia E eae ۲ 


۱ The relation. between éhanges in lett v ventricular wall systolic thicken- 
‘ing and other measures of left ventricular. 












n were studied during 
A fixed. decrease in coronary 
erri r) to 13 + 2 ml/min was 
probe placed around the left 
a wall thickness was 








regional ischemia in 14 open chest pigs 
peak blood flow from. 46 +5 (standar 








‘During ischemia, changes 











of. 0.282 + 0.02 mm at end- 
diastole. There was no significant change i ini lett. ventricular pressure or 









. . its derived values. In two experiments isolated wall thickness alternans 
. was observed. These studies indicate that myocardial wall thickness is 
more sensitive than ventricular pressure neas 
۱ changes | in myocardiel | function during regional myocardial ischemia. 











a measure of local : 





`. The description of m shéchanical: events occurring. | during myocar- 
-. dial ischemia has. been of interest tc 3 
for some time. In 1935, Tennant and 






iologists and cardiologists 
Viggers! described the systolic 
bulging of the ventricle that occurred. within minutes after coronary 


ligation in the dog. The focal nature of coronary ischemia in man and 
its resultant effects « on myocardial contractility have been character- 
` ized by. Herman et al.? These authors pointed out that there was 4 a, 
` wide variation in both the degree of contractile dysfunction in man. 
." and its effect on total ventricular. function. In the dog, Hood e tal 13 
.. demonstrated that to produce a significant decrease in the meast 
` `. ment of total ventricular : 
` tricle must be infarcted. It is therefore obvious that a m majo! 

















‘function, 25 percent or more of tk 





cardiac dysfunction can occur in a local area of infar 





total ventricular function. | 
Studies of focal changes in animals have. e different Ms 

including angiographic measurement of ventricular volumes and wall 

dimensions, echocardiographic techniques. and application of various 


types of strain gauges to the ventricular surface and through the ven- 
tricular wall to measure epicardial segment length. and wall thickness. 


Although epicardial segment length and force gauges have been used 
extensively, total occlusion usually results in a major degree of ven- 
tricular bulging? and is therefore difficult to measure > with these 
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s not totally interrupted but merely decreased, there 
s a mixed response in contractility from epicardial 


Tn this study we measured. changes | in systolic wall 


ate in an ۵ animal 1 model i in whicl 1 


۱ "Methods 
i rumentation £ and Techniques ۱ 





ision of 01 mg/kg per.min of pentobarbital. 
tube was put in place. Respiratory 


p placed in the ascending aorta through a femoral arterioto- 
-— —. my for arterial pressure. monitoring and arterial blood sam- 


PE pling. A no. 8 Dallons-Telco MMC-8 micromanometer tip 






gauges. Sonnenblick and Kirk$ have demonstrated CLER s 
that during myocardial ischemia, when coronary flow 


‘strain gauges depending upon whether or not the 
deep: or superficial layers of the heart a are included i in 


olic and systolic wall = 
| ess s continuously » measured Eby t the gauge 


fourteen male or female pigs, weighing approximately 25 EE 
ere fasted for about 24 hours. The animals were se- ^u: 
with an intraperitoneal injection of 30 mg/kg. body. t 
‘of sodium. pentobarbital. followed. by a constant -~ ning of i he 
.Anendotra- . and left ve 
| and volume blood: 
'ere controlled by a variable cycle Harvard respirator. Ad- 
equacy of ventilation was monitored by measurement of ar- 
-. terial pH, PCO» and PO». A Teflon? no. 8 catheter was 
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AA 


coronary flow probe. 





` left cor artery سس سب‎ oe 


MEE — coronary sinus -‏ و 
LAD clamp —— —— ig; Ge b‏ 


ventr thickness m 
ون‎ (oh 


- catheter with a frequency response flat to 1,000 Hz was — 2 ۱ T e cali 


. placed in the left ventricle nder fluoroscopic control 


`- through a left carotid arteriotom "This catheter was used 
` to obtain peak left ventricular systolic pressure, left ven- 
tricular end-diastolic pressure, the peak derivative of left 

; ventricular systolic. pressure. and th 
vt hich was measured with ges fideli- 
; ty analog c circuit it by the وی‎ of و‎ et alt 

























om i its origin to its “first 


e. ۰ "posed. dn its proximal fr 
1.0: to 1.5 em of free artery on 


` branch. Usually this pi 
| which an electromagnetic 









`. flow measurements were taken before each experiment by 


briefly occluding the artery with a small forceps at the level 


. of the screw clamp. Care was taken that no major branches 
of the. coronary artery lay between the flow. probe and 
screw clamp since their presence would render: inaccurate 
the flow measurements as a reflection of flow. beyond the 

clamp. 

Small stainless steel decries were sotüred: to the left 










pendage. The ventricular electrode was used for recording 


he peak velocity of the VR 


v probe (Transflow 800 minia- 
` ture core probe, Skalar Instruments, Delft, The Nether. . 
. lands) with an internal diameter of 2.0 or 2.5. mm could be . a TF 
` placed (Fig. 1). Just distal to this probe, the artery was en- 
. closed by a J-shaped : screw clamp that could be tightened i 
` when a decrease in coronary blood flow was desired. Zero 


ventricular epicardium at the apex and to the left atrial ap- 


rcd a central icd pop n 
he plates are connected by a 


ler 0. 5 2n €Maverent ofthe 
| plate 1 chang both the length of the mer- 
cury-filled silastic ubing an the resistance of the bridge 
and thus Vira y bane in: all 





delay. 

The shaft sili its oe ails tip was veo forced 
through the apex of the left ventricle. As the toggle piece 
entered the left ventricle it automatically unfolded and 
fixed the shaft within the ventricle. With the shaft i in place, 
the plastic plate and spring assembly were placed over the 
shaft, and a nut was tightened over the distal screw end. As - 


the nut was tightened, the recorded deflection increased — oA 


slightly until a point was reached at which further tight- 
ening: resulted i ina decrease i in deflection. The nut was then. 








. CBF 
(ml/min) 
30r 





bet 
| sec 






| loosened. slightly, and this point was taken as the maximal 
` deflection of the gauge and recorded continuously during 
. the study. 

=.. The change i in recorded Wall thickening was measured by 
— the excursion of the calibrated signal from end- -diastole to 


n begin during the isovolumic phase of systole. and to con- 


tinue through the period of ejection. The end of the isovo- 
ی‎ lumie phase of systole was determined as that time when 
^. the systolic pressure in the left ventricle exceeded aortic di- - 
- astolic pressure when measured simultaneously from the 
. left ventricular and aortic pressure catheters. "These pres- - 


| sure manometers were equisensitized to a common zero 
and rechecked before the experiment with a common elec- 
... trical signal entered simultaneously i in both the aortic and 
» Jeft. ventricular pressure channels. ‘The wall thickness re- 


A beat variation anda very stable base line at end-diastole. - 
e . At the conclusion of the experiment the depth of the 
S central shaft within the ventricular wall was measured with 
. the heart beating. This depth was similar to the thickness 
ofa ‘cross-sectional slice through the left ventricle at the 


` intravenous administration of potassium chloride. The 
estimate of the area of the left ventricle rendered ischemic 
` slowly into the left anterior descending coronary artery. 

"The entire left ventricle was then separated from the other 


` cardiac structures and. the area of the left ventricle stained 
— by methylene blue was further separated from the remain- 





'—tricle and that part. stained by the dye were then weighed 

separately. The average weight of the total left ventricle 
was 75.5 + 3.4 g and that of the ischemic area supplied by 
the left coronary artery was 25.2 + 1.9 g. 


Coronary Occlusion Protocol 


At least 30 minutes passed between placement of the 
catheters and attachment of the wall thickness gauge and 
the start of the study. Measurements were taken every 2 


| ^. MYOCARDIAL WALL THICKNE: 


the peak of systole. The systolic thickening was observed to - 


`  cording was stable for up. to 3 hours with very little beat to 


` point of the gauge's attachment, with the heart arrested by 
A mean myocardial wall. thickness was 12.7 + 0.7 mm. A gross. 


was obtained by the injection. of 5 ml of methylene blue | 


` der of the left ventricle by serial slicing. The total left ven- 






ی 


FIGURE 2. "Acute. s changes in myocardial wall 
thickening. (MWT) after the. decrease in coro- 
` nary blood flow (CBF). The: decrease in myocar- 
dial wall thickening is associated with a de- 
. crease in end-diastolic thickness of the left ven- 
tricular wall: manifested by the reduction below 
control level. at. end-dias ` The instability of 
the coronary. blood flow is due to the proximity 
of the screw clamp to the flow probe which re- 
sults in the production of mechanical artifact | 
during the: manipulation of the screw ۰۳ 
ECG = electrocardiogram Vee = = peak ey 
of the contractile element ae 




















minutes for a total of 6 minutes are a gente! E jnd 
during a similar period | after partial occlusion of the left an- 7 
terior descending coronary artery with tk e adjustable. SCrew 
clamp and were averaged. as the control and ischemic 
values, respectively. An attempt was made to reduce peak 
coronary blood flow to 20 to 40 percent. of the control value. 
'The resulting mean flow achieved was 28 percent of the 
control level (range 19 to 39 percent). A stable level of coro- 
nary blood flow was maintained throughout the study by 
occasional slight adjustment of the clamp. All the animals - 
survived the period of ischemia. The T waves of the elec- — 
trocardiogram deepened, but: the QRS configuration, S-T a 
segment and cardiac rhythm did not change. 

In a series of six separate experiments the wall ihickness 
was measured for 20 minutes at a similar degree of isch- 
emia. During this period wall thickness temane quite sta- 
ble. -— 


Results l 

Control: The measured degree of systolic thicken- 
ing was 1.356 + 0.135 mm, which represented 10.7 + 
2.1 percent of the total left ventricular wall thickness 
of 12.7 + 0.7 mm. These measurements were taken at, 
the apex of the left ventricle just medial to the inter- - 
ventricular septum and caudad to the anterior papil- 


lary muscle. 
Ischemia: Figure 2 shows the changes. in wall 


thickening that occurred when blood flow in the left 


anterior descending coronary artery was decreased to - 
approximately 30 percent of the control value. With- - 
in 6 seconds of the adjusted. decrease in flow, myocar- 
dial wall thickness measurements: reached a stable ~ 
level that remained unchanged for up to 20 minutes, 
as long as coronary blood flow was fixed and left ven- 
tricular pressure remained stable. In six experiments 
in which release of occlusion was studied after 20 
minutes of ischemia, systolic wall thickness returned 
to 76 + 10 percent of the control value (P <0.05). In 
addition to the decrease in systolic thickening, there 
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curves during the d PT ischemic periods. 
hese curves had two components: a rapidly rising. 
portion in the isovolumic phase of systole and a more 
owly rising portion beginning with and continuing 
rough. the ejection phase of systole. With the de- 
'ease in the coronary blood flow both components of 
je curve decreased (Table I). No arrhythmias were 
served during or after occlusion with the exception 


of a few rare ventricular premature contractions - 


that occurred when coronary blood flow was restored. 
Pulsus alternans could be expressed. during the con- 
trol and ischemic periods. in the animal in which 
jaced rates were increased. to approximately 200 


: beats/min. In this setting alternans of both the ven- 
. tricular and aortic pressure and the thickness were 
x observed. In 2 of 14 studies, alternans of the ventric- - 




























4 lar thickness alone was recorded, 6 minutes after 
nstitution of partial ischemia with the heart rate 
tained throughout. the period at 150 beats/min 


10 variation in the left ventricular or aortic pres- 
except for that due to the respiratory variation. 

E 'hanges in wall thickness correlated with 
hanges in pressure: In Table I, the major change 
in systolic and diastolic wall thickness that occurred 
uring ischemia can be related to the absence of any 
hange in the measurement of total left ventricular 
ressure and its derivatives in Table IL Although 
ystolic wall thickening decreased in the isovolumic 


E cent of the control systolic thickness. Figure 5 dia- 
grammatically presents the changes in diastolic 
thickness and systolic thickening observed during the 
: ontrol and ischemic periods. 


Discussion 


^. Measurement of myocardial wall thickness has 
< been carried out by various methods, including the 
- use of cineradiographic techniques with and without 
. radiopaque markers,?i9-14 metallic and mercury 
strain gauges fixed to the myocardial surface? !*.!9 
and ultrasound techniques. These different ap- 
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4). At the time of wall thickness alternans, there. 


phase by 54.8 + 5.9 percent (standard error) and in- 
thé ejection phase by 41.1 + 5.4 percent, this differ- 
ence was not significant (P >0.10). The total decrease _ 
‘in thickening during ischemia was to 45.2 + 5.1 per- 


FIGURE 4. ۵۵ of myocardial systolic thickening ۱ 
without pulsus alternans during ischemia. There is an - 
alternating deflection of the myocardial wall thickness . 
(MWT). gauge after 6 minutes of ischemia without any 
change in left ventricular or aortic pressure. The slow- | 
er variation in the left. ventricular and aortic pressures 
is due to respiration. S 


proaches have resulted in a wide variation in | the de- 
gree of thickening measured, related in large part to 
the accuracy of the specific techniques. and also to 
the functional state during anesthesia. andi in an open 
or closed chest experimental preparation.! m ۱ 

Van der Meer et al., in reporting the | vail obser- 
vations with the gauge used i in our experiments, ob- 





served a 10 percent increase in thickening, 30 percent — 
of which occurred in the isovolumic phase of systole. 
Our observations closely approximate | theirs. Feigl — 


and Fry, using a similar device in an open chest 
dog, observed a 21 percent increase, with 50 percent 
of the increase occurring in the isovolumic phase. 
Using. ultrasound measurements in a closed chest 
dog, Guntheroth! found that systolic thickening Was 
8.5 percent of total thickness. In studies using radi- 
opaque markers, thickness was observed to increase 
by 25 to 40 percent!4 and 31.7 percent; , respectively. . 
Mitchell et al.!^ compared thickening measured by. 


opaque markers with the ventriculographic technique | 


and observed that the latter technique greatly over- 
estimated ventricular thickening. Reports of thick- 
ness measurements in man using the ventriculo- 


. graphic technique have indicated a change of 30 to 
` 100 percent during systole.!?!? The presence of tra- 


beculation and papillary muscle hypertrophy both. 
tend to exaggerate the thickening and make the defi- 
nition of the endocardial borders difficult to inter- 
pret. Bove and Lynch,!?!! using biplane cineangiog- 
raphy i in an open chest dog, observed systolic thick- 


` ening of 30 to 43 percent. Van der Meer et al? calcu- _ 
lated from different end-diastolic and ejection vol- 


umes that the myocardial wall should thicken by 5 
to 18.3 percent when the left ventricle is assumed to 


be represented by two truncated ellipsoids of rota- | 


tion. 
The degree of measured isovolumic systolic thick- | 
ening has also been variable and has been estimated 
to be 20,!! 30,8 31.2? and 50 percent.!^ Guntheroth!? 
using ultrasound measured a decrease in thickness in 
the isovolumic phase; however, these measurements. 
were taken from the posterior. ventricular wall, 
whereas the measurements in most of the other stud- 
ies were taken either at the base of the ventricle or at 
the left ventricular apex and free wall. Heikkilà et 
al. observed epicardial shortening of 13.7 percent in 
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o and. diastolic es e et: rne left ventricular. wall. during 









E UR ‘senaitive d e à f various. se سای‎ habia Ad 


.  volumic interventions. Mitchell et al.|4 studied the 
— -relation of wall thickness to the Frank- Starling | 
during | 
change in ventricular volume and the increased 


i mechanisms - of myocardial | contractility 


thickening associated with: administration: of cate- 
cholamines. Similar observations related to the in- 


creased systolic thickening were made by Van der. E 


Meer et al. and Heikkilà et al. 9. during. administra- 
tion of isoproterenol. | 
During. coronary arterial occlusion, y 





et al observed a major decrease i in. myocardial sys- 


tolic thickening. with. the same gauge as that used in 
our study. Heikkilä et al? found with radiopaque 


markers a variable decrease in systolic thickening i 
that was related to the degree of ischemia or infarc- R^ 


tion produced. They observed systolic thinning i in the 
















on esit etal. 15 Th “he oe that this change may be 
- e due to an increase i 


ated with. infarction. Ho 





rer, in view of the rapidity 


of the change in thickness it seems. more reasonable 
to assume that it is due to the slight degree of bulging 
with concomitant thinning of the ventricle in the 


ischemic area. Furthermore, the development of seg- 


mental bulging or dyskinesia after infarction is a " 
common finding when epicardial segment length _ 
` gauges are used.*? Heikkilä et al.” observed that this — 


bulging began early in isovolumic systole and reached 
its peak at the end of isovolumic phase. 
"The observations reported here serve to emphasize 


: | tractility particularly when a disease is largely focal 
"e dn its nature as is coronary artery disease. In our ex- 
<: .periments no change occurred in the measurements 













lan der Meer T 


area of transmural infarction and a decrease in thick- 

. ening from the control measurement of 31.7 percent 
: -to 25 percent in the area of the nontransmural infarc- ` 
- tion, reds his difference v was not statistically sig- 
end- diastolic thickness ob- 


| left- entricular volume associ- - 


the importance of the measurement of regional con- - | 


of developed left ventricular pressure although there. 
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۳ Significant; V Wie: His a ds l at on 6) airs e c din | ۳ = ile elem 
other abbreviations : as in Table t | | us 


۱ were major ‘changed i in elt fu 
sured by decreased wall thickening. 
ventricular. thickening alternans was. 

_with changes in left. ventricular. pressur a 

rived values. This observation supports thet I 








| ‘contractile taie: rather than to changes Hn Frank- 
n Starling relations.!990 - NE 
“Heikkilä et al.? also observed 1 in animals with nons: 
. transmural. infarction measurable changes in myocar- 
A dial thickening without measurable change in left | 
ventricular pressure or its derivatives. Other studies | 
. of regional ischemia have also confirmed the impor- 
tance of the extent of muscle. impairment in assessing . 
`. the effects of. ischemia. or infarction on total myocar- 
. dial function. Case et al?! were able to produce in- 
creased left. atrial pressure only when total coronary 
` arterial flow to the left ventricle was decreased to 50 
- percent. Hood et al* observed that at least 25 per- - 
` cent of the left ventricle of the dog had to be infarct- - 
| ed before any significant change occurred in left ven- 
‘tricular pressure measurements. Schelbert et al,?? - 
using a specially developed isolated left ventricular p 
isometric force gauge, observed a decrease in force to 
31 percent after myocardial infarction in a local seg- - 
ment without any significant change in left ventricu- _ 
lar pressure and its derivatives. a 
Implications of study: Our experiments strongly . 
support the. importance of the measurement of myo- | 
cardial thickness in the study of regional myocardial - 
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- ischemia. The device. initially developed by Van der 
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pu wall. thickness. by: angor 


Meer et al5 was demonstrated to be both sensitive - 
and stable and to reflect the changes of myocardial —— 
function in localized areas. of ischemia when the left 
ventricular pressure measurements, left ventricular 


hanged. As a model, extension of this study to the _ 
relation between local changes in contractility and -. 
rations in. regional. myocardial metabolism as- 
sessed from a cannulated regional vein???4 may pro 
vide further insight into the relation. between. the : 
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ur e The frequency with whick the metum d diagnosis i tate 
tumor is missed makes i a 
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thee distinctive ee 1 
ary flow measurements 
-echocardiograp iy 
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v . well described, s ‘but ‘the come lation with. other hemodynamic E 
|. events is incomplete. - ge : 


To delineate further. the hemodynamics: of this condition, we per - 
formed a systematic analysis of pressure changes, left heart dynam- 
ics, aortic and coronary. blood flow and echocardiographic and. n 
cineangiographic observations in dogs. with a simulated left atrial oo 


tumor. Our results demonstrate that the sudden change i in pressure . 
in the left ventricular chamber. (ventricular notch) is not solely avi 
brational phenomenon but is accompanied by distinct alterations in .. 
` aortic and left coronary arterial flow patterns. They also provide a - 
۱ description. of the characteristic motion of the anterior mitral leaflet SE 
the nature of the mitral obstruction and the altered pattern of the — 
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‘FIGURE 4. Left ventricular and aortic pressure pulses, intracardiac 
phonocardiogram (phono LV. ) and aortic flow, with a 10 ml balloon 
| ing from left atrium to ventricle. The arrow points to the ven- 
tricular notch, which is اد‎ with a loud second component 
‘of the first heart sound. The onset of aortic ejection occurs 0.02 
second later than normal onset. The interval from the Q wave to 
aortic ejection (Q-E interval) is 0. 02 second, and total aortic ejection 
* time is 0.16 second. CL = cycle length; L.V. = left ventricular; Sy 
and S; = first and second heart sounds, respectively. 




















FIGURE 3. Left ventricular and aortic pressure pulses, 

aortic flow, left ventricular dP/dt with balloon inflated to 
25 mi during coupled pacing of the left ventricle. The 
ascending ventricular notch follows aortic vaive open- 
“ing, and the onset of aortic flow is not delayed (Q-E in- 
‘terval = 0.07 second). Initial aortic flow is interrupted, 

“reverses at the time of ventricular notch, and is suc- 
‘ceeded by a larger second component. Total aortic 
„ejection = 0.24 second; mechanical cardiac cycle = 
-0.65 second. Note that with the late ventricular notch, 

both spikes of left ventricular dP/dt are equal. 


























left ventricular contraction ue toa prolapsing mass 


arising in the left atrium. 
Methods 


- Twelve adult mongrel dogs (average weight 20 kg) were 
anesthetized with intravenously administered Nembutal®. 
‘Respiration was assisted with room air delivered through a 
` cuffed endotracheal tube by means of a Harvard pump. 
- The pericardium was opened through a left thoracotomy or 
A sternal splitting incision. Cardiac catheters attached to 
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FIGURE 2. Left ventricular and aortic pressure. pulses, left ventricu- 
lar dP/dt (dp/dt[L. V.]) with balloon inflated to 10 ml. The arrows indi- . 
cate the interruption of the rise of the left ventricular pressure at the | 
time of the ventricular notch, The second component of left ventric- 
ular dP/dt rises at a rate that is 40 percent more rapid than that of 
the initial spike, and begins before aortic valve opening. 











Statham P23Db strain gauge transducers were. positioned 
in various cardiac chambers. An- electromagnetic : flowmeter 
recorded beat to beat aortic flow by means of a 14 mm 
probe placed around the root of the aorta above the coro- 
nary sinuses. Coronary blood flow was recorded by means 
of a 2 mm flow cuff placed around the left anterior de- 
scending coronary artery 1 cm from its origin. The flowme- 
ters were uncalibrated, but the flow signal was analyzed for 
timing and direction of blood flow. 

A distensible balloon (capacity 30 ml), attached to flexi- 
ble Tygon tubing acting as a pedicle, was inserted into the 

















left atrium through the left atrial appendage and secured - 

by a purse-string suture. The elastic neck of the balloon. ۰ 
permitted its body to prolapse freely through the mitral or- ~ 
ifice in both directions. Measured aliquots of normal saline — 


* solution or indocyanine green dye (when echocardiographic 
= studies were performed) were introduced into the balloon 
in 5 ml increments, and measurements were made of intra- 
cardiac pressures, aortic and coronary flow rates and intra- 





cardiac sounds. The intracardiac sounds. were. determined ۱ 


by differentiation of the left ventricular pressure pulse. 
Records were obtained with an Electronic 











was filled alternately with Renograf ۱ 
air, and its motion was observed during cineangiographic 














^^ studies with opacification of left ventricle, left atrium and | 
orta. These were the only یتح‎ where the pericar 


m was intact. 











- achieved by coupled ventricular pacing with an Elecath left 
~ were recorded on Polaroid film utilizing a model 178 dis- 


2 . the instantaneous effect of the appearance of a prolapsing 
| tumor, during balloon inflation or deflation. 


Results - 


Left ventricular pressure ‘pulse: Ther rising left E 


ventricular pulse was interrupted by a prominent 


notch. With simulated tumors of small size (5 to 10 


ml) this notch appeared low on the left. ventricular 
upstroke (Fig. 1). Early ventricular contraction was 
divided into two distinct | segments by the ventricular 


notch. Pressure differentiation (dP/dt) of these two 


components showed that the rate of left ventricular 
pressure pulse rise following the notch was faster 
| UE 2) | 
es vie simulated d tumors of larger : size (151 to 30 ml), 













4 (Fig. 3)A notch oi 

. ventricular pres Ir 

opening of the mit ral 
served. . 2 

` Aortic pressure “and: flow: With. simulated tu- 














mors of small size (5 to 10 ml) the aortic preejection ۳ 


period was prolonged (0.01 to 0.03 second) and ejec- 

tion time was similarly reduced, as compared with 

. control tracings (Fig. 1). Negative or polyphasic pres- 

` sure transients, coincident with the left ventricular 

upstroke notch, preceded the rise in aortic pressure. 

The aortic flow was monophasic. Larger simulated 

tumors uniformly caused greater. prolongation of the 

aortic preejection period and greater abbreviation of 

¿= aortic ejection, but the magnitude of change varied 
— even in individual dogs. 

When the ascending left ventricular notch oc- 


ME ` curred after aortic valve opening, an interrupted 





nics for Medicine re- ۰ M | 
corder at 100 mm/sec. In four dogs the intracardiac balloon pee 
fin® 76 percent or with |... 


| Unirad ultrasonic recorder’ was. utilized. to obtain echo- AR. 
rdiograms with the use of ai0m transducer with a fre- m 
uency of 2.0 megahertz. at a repetition rate of 1, 000/sec. ^. 
Echocardiograms | were obtained through the opened chest, ^ 
lacing the transducer in direct contact with the right —— 
intricle or. septum, angled into the left atrium and left ۰ 
- ventricle. The anterior. mitral valve leaflet echo was. 
.. Searched for both before and after balloon inflation. Dia- - 
- stolic phase prolongation and inotropic intervention was — 


ventricular bipolar electrode catheter. Echocardiograms 


. play program module, and successive beats demonstrated _ 


von the left ventricular up- 
opening of the aortic valve — 
ie descending limb of the left 
lse, immediately after the 
valve, was occasionally ob- 


0 انس ۱ 


LEFT ۱ 
ATRIUM 





left ventricular notch. 





FIGURE 5. Simulated tumor and نون‎ after opacification of both n 


.. with radiopaque dye. The apposition of the tumor to the ventricular V. 1 


` septum during early ventricular systole (third and fourth frames from =- 
the top) can be seen. Ee 
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bifid) aortic pressure pulse and flow curve were in- second. The early left ventricular ascending notch 
` scribed (Fig. 3). After a normal, or slightly shortened and the negative deflection before aortic ejection 
` (0.01 to 0.02 second) preejection period, the brief ini- were immediately followed by a sudden increment in 
-tial phase of aortic ejection was interrupted by a systolic coronary flow. The same event although 
. transient reversal in forward flow and was followed more sustained was observed when the aortic flow 
“by a second more prolonged component of aortic was interrupted coincident with a postejection ven- 
flow, completing aortic ejection. The interruption in tricular notch (Fig. 4). 
flow coincided with the late left ventricular notch Left atrial pressure pulse: With simulated tu- 
and with the accentuated late component of the first mors of small size, the left atrial pressure pulse re- 
heart sound in the phonocardiogram. Total aortic mained essentially normal. Balloons of larger size 


produced a prominent C wave synchronous with the 





FIGURE 6. Echocardiogram demon- 
strating passage of a 10 mi balloon 
("tumor") through the mitral valve. In 
the fourth beat, the balloon has been 
partially deflated, The arrow points to 
a notch "n" interrupting the A-C 
slope in early systole. The E-F slope 
is normal. A.M.V. = anterior mitral 
leaflet; I. V. = interventricular septum; 
L.A.W. = left atrial wall. 














FIGURE 7. Rapid deflation of a 15 ml 
balloon demonstrating the disappear- 
ance of the echo during the last three 
cycles. in addition, an echo mass (T) 
can be seen beneath the anterior mi- 
tral leaflet (A.M. V.), presumably in the 
left atrial position during systole (S). 
During diastole (D), the characteristic 
column of echoes produced by the 
simulated tumor is located in the left 
ventricle, and reaches the interven- 
tricular (.V.) septum of the first four 
cycles. L.A.W. = left atrial wall. 
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ascending ventricular notch, a prominent V wave and 
.. a& very rapid Y descent. Depending upon tumor size, 
. . variable atrioventricular pressure gradients were re- 
Uc corded (Fig. 4). 
Cineangiographic studies. Early in systole, dur- 
ing the isovolumic phase, the bulging tumor mass 
could be seen deforming the contracting ventricular 











cious left atrium, the balloon reassumed its spherical 








vibrating freely in 1 the left à atrium. x Retro of the pal 












tumors of large size during. early expulsion into the 
D left atrium. - 


.. depended upon the volume of the simulated left atri- 
-. al tumor. Small masses. yielded. thin columnar dense 
echoes in the left ventricular. cavity during diastole, 
- scarcely interfering with diastolic mitral leaflet func- 
— tion and the normal E-F slope was maintained (Fig. 
6 and 7). A small notch on the A-C component of the 
` anterior mitral leaflet could be seen, interrupting the 
~~ smooth. posterior movement of the anterior mitral 
` leaflet after the termination of atrial systole. ۱ 
-As the simulated tumor increased in size the entire 


mitral funnel was filled with dense. diastolic echoes 


that distorted and displaced the anterior mitral leaf- 
let toward the interventricular septum (Fig. 8). In 








FIGURE 8. The echo cloud produced by a 25m | 
. balloon prolapsing across the mitral valve. The 
. .echo-free interval under the anterior mitral 
` valve leaflet (A.M.L.) in early diastole indicates a 

. distinct delay in tumor motion, after the mitral 
valve opens. The E-F slope is reversed. 








cavity and.extending from: the posterior. wall to the 
septum (Fig. 5). During its passage from the ventricle — 
to the atrium, the simulated tumor became com- 
= `> pressed in the mitral valve funnel and assumed an .. 
NM hourglass configuration. As it entered the more spa- 


hape, but its opacified contour became quite fuzzy. - | 
'This motion artifact. suggested that the balloon was _ 


oe ۱ او سنوی‎ ingufficieney c could be Sto with race | 


` . Echocardiographic studies: The degree to which ` 
um the anterior mitral leaflet was displaced or deformed... 


| SIMULATED LEFT ATRIAL TUMOR—MOSCOVITZ ET AL. 

fact, the mass actually abutted on the septal wall i i 
late diastole and early ventricular systole (Fig. 9). 5 
This location of the tumor mass was confirmed. by. 
cineangiography (Fig. 5). Particularly valuable in. 
studying the effect of the simulated left atrial tumor. 
on mitral leaflet function were the experiments per- 
formed when the balloon was rapidly deflated or in- 
flated (Fig. 7I). When the balloon was empty or only 
'semiinflated the anterior mitral leaflet did not reach. 
the septum. The early diastolic echo-free interval re-- 
. ported by others is seen in the records, suggesting | 
that the tumor movement lags behind antegrade 
` blood flow at the time of mitral valve opening (Fig. 
28) Reduction or reversal of the E-F slope of the an- 
tel itral leaflet by the prolapsed tumor was. 
ê simulated tumor volume was large 



















| eem 





contour daoschumie. Contraütion E normally and, "B 
depending upon the volume of the tumor, “several. 
modes of ventricular contraction are noted. p 

‘Small simulated tumors are expelled. quickly from 
the left ventricle into the left atrium and divide 
isovolumic period into two phases, the second no 
truly isovolumic. When the tumor is expelled. throug 
the mitral orifice there is a sudden loss of. systolic. 
ventricular volume and i a 2 sudden release of ventricu- 










f | " 
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cular notch. The transie 
nary blood flow coincident with the left ventricular 
ascending notch may be related to the quick release 
of ventricular wall tension and results from reduction 
of the compression effect on the intramural coronary 
vessels. The simulated tumor is deformed during its 
retrograde passage through the mitral funnel, proba- 


brates freely upon its return into the left atrial cavi- 





lar tension: This edulis n n early. ascending ven- 
ncrease in systolic coro- — 


bly because of contraction of the mitral ring, and vi- - 
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FIGURE 9. The rate of. ventricular contraction 
~~ has been slowed by coupled pacing. The long 
`. diastolic interval is almost completely filled with 

echoes from. a 30 mi prolapsing simulated. 
tumor mass, under the anterior mitral leaflet 
` {AML}. The ."tumor"' reaches the interventric- 

ular septum in late diastole (D) and early systole: 

NUM SUN The early diastolic echo-free. interval. is 

















A. " FIGURE 10. Diagram of the ‘timing of the pressure : ۰ 





“aortic: flow curve, heart sounds and echocardiogram,‏ ی 
with a simulated prolapsing left atrial tumor mass. A,‏ . 
d small tumor, B, rge tumor:‏ 


ty. The dim entry of the tumor into the left. uin: ۱ 


um produces. a prominent atrial C wave as a result of 
the sudden increment in left atrial volume.? After ex- 
pulsion of the tumor and closure of the mitral valve, 
left ventricular contraction continues at a faster rate. 

The interval between the Q wave in the electrocardi- 
ogram. and the onset of the aortic ejection (Q—E inter- 
val) is prolonged. Systolic ejection of blood into the 
aorta is delayed because of the significant change in. 
slope of the rising left ventricular curve at the notch. 


; of the left side of the heart together with the — 


















The initial rate of rise in left ventricular pressure is 


relatively slow, and the terminal rate is more rapid. 


Aortic ejection time is shortened because of the de- — 


layed onset of aortic flow and the abbreviating effect 
of mitral regurgitation on left ventricular systole. 
Large simulated tumors are expelled from the left 


ventricular cavity after the onset of aortic ejection, 


thus presérving the integrity of the left ventricular 


۳ isovolumic phase. The preejection period is normal or. 
ae slightly abbreviated. The left ventricular notch (coin- E 
E. it with expulsion of the tumor from the left ven- — Ec 
nto the left atrium) is inscribed high on the left. . 
icular upstroke. The aortic pressure pulse do. 
nterrupted by the sudden retrograde loss of . 
ie (tumor mass and mitral regurgitation) with a - 


sient cessation of forward aortic flow. The release 
eft ventricular tension at the. notch results ina 


‘entry of the tumor into the left atrium. After ex- 


T -pulsion of the tumor and closure of the mitral valve, 
ED ventricular contraction continues, forward aortic flow. 
— resumes and aortic ejection is completed: The dura- 





em ۲ ۱ pon of total aortic ejection i is prolonged. 


Mitral Valve Function ec | 
Mn Mitral. regurgitation: Several alternate. patterns 2 
SA of mitral incompetence are possible. | 
may. begin early after the onset of ventricular con- - 

. . traction since at times the prolapsing tumor prevents 
^. proper mitral leaflet. apposition: 0 





۱ duds cases mitre} 






the left atum. Vers he furor ehh ated : umors may 
. M with mitral valve competency. during all of 


۱ the entire systolic: phase. if the tumor does not return * 
b Se completely d to the left atrium. _ ۱ 
I E amit E changes in 


ing that sudden entrance of the tumor into the left 
atrium is responsible for the accentuated C 


wave.?!017 As filling of the left atrium from pulmo- _ 
nary veins proceeds, the large volume of the atrial - 


tumor and blood leads to an increase in atrial pres- 
sure late in systole, and a prominent V wave is 
seen.918 If the mitral leaflets close competently be- 
hind the tumor in the atrial position, there is no late 
_ systolic collapse of the ventricular pressure as noted 


-. — jn traditional mitral regurgitation in which “amputa- 
tion” of the ventricular curve has been described.!? 
` -As the mitral valve opens, blood flow begins and the 








۱ left atrial tumor abruptly reenters the left ventsid 
` decompressing the left atrium and accounting for 
- rapid Y descent? 91? Partial obstruction of the mitr: 


. movement by an elongated pedicle contributes to the 
T tents o of the ‘ 


T. edt d nd mb 
. Wolfe et al. have 
` tumor a large cloud of 
m through the mitre ; 
sudden brief increment in systolic coronary flow. The = iring the 
greater tumor volume accounts for large C waves in- F | 
ribed in the left atrial pressure pulse tracing during ri 


.right ventricle. extending. from late diastole to the 
- first third of systole. - | 


5 the left atrial tumors in their group. diagnosed b 
E. echocardiogram. (six-of nine patients) traversed the 
mitral valve orifice. Those myxomas remaining in the 


Regurgitation E 


۱ to 10 cc), scarcely dis torting the motion of the a 


۱ slope: With greater: distention of the balloon: the ect 
`` column became wider, occupied a greater part of 

. diastole, and displaced t 

` toward the interventricular. septum in diastole an 
particularly in the presystolic phase. Therefore, the 
normal. ۱ 
ginning: 
l . displaced anteriorly by the large tumor mass, could 
` . no longer respond to. the normal patterns of flow ve- 
` locity, which tend to move the normal leaflet posteri- 

_orly immediately after the rapid filling phas 

Large simulated tumors displaced the anterior mitral 
` leaflet sufficiently to allow it to impinge on the sep- 
tum, and this. echocardiographic finding i is confirmed . 


after the left The posh the C's is. pis is delay penam, ` bythe cineangiographic findings in early systole. 
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orifice by tumor or tumor pedicle may lead to mid « 
late diastolic filling pressure gradients across the mi- 
tral valve,?? and the Y descent may not always be 
precipitous.? Abrupt tension and checking of tumor 


tumor. z piap sound,2:6.1 | 
































Feigenbaum and his. ‘co-workers!’ found that all 


left atrium that did not prolapse could not be detect- 
ed by this. technique and would require specific scan- 
ning of the left atrial cavity. In our study, thin line 
columns of dense echoes traversed the mitral ori 
during diastole when the balloon was semi-inflate 





-the anterior mitral leaflet 


E-F slope was slowed and even reversed þe- 
in-mid-diastole. The anterior mitral leafle 









e. 2122 





Left atrial tumor vs. mitral stenosis: One would 
assume that the antegrade flow of the blood through 
the mitral valve is near normal in cases of a small left — 
atrial tumor. Left atrial tumors may duplicate the = 
characteristic motion of the anterior mitral leaflet — 
seen in mitral stenosis,” but a normal E-F slope does — 
not rule out a left atrial tumor. If a decreased. E-F 
slope is found, it may be necessary to study posterior — 
mitral leaflet motion to differentiate the two condi- 
tions if echo masses are not readily detected. 23 In ad- 
dition, increased diastolic excursion (D to E) of the. 


anterior mitral leaflet in cases of left atrial tumor _ 
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. would suggest the absence of هن‎ stenosis. The de- 
tection of the tumor within the left atrium during 
-systole has proved to be difficult and somewhat unre- 
liable in our experience, but others? have stressed the 
- importance of this feature of the echo study. A par- 
` tial explanation of this difficulty might be the posi- 
ioning of the transducer directly on the heart during 
our experiments with resulting limitation of the ex- 


plored more easily through the aortic root when the 
ransducer was positioned on the chest wall rather 
han directly over the heart. 


during early ventricular filling indicates that the in- 
-flows through the mitral orifice at the moment the 


apid Y descent in myxoma resulted. from the initial 


‘tumor plop” sound followed the E point (maximal 
-anterior mitral leaflet opening) by approximately 
0.05 second in simultaneously recorded echo- and 
` phonocardiograms, indicating that the blood flow 
through the mitral valve orifice precedes tumor pro- 
lapse. It appears that a precipitous Y descent de- 
¿pends both upon the rapid flow of the blood through 
the mitral orifice, preceding the tumor, and upon the 
sudden downward displacement id the tumor mass 








above it. If the tumor or its ‘stalk, ¢ 
clear the mitral orifice complet 
gradient will develop. If a vi 
n the atrium and does not comple 


| late diastolic 


- sponsible for the increase in left ventricular pressure 


‘tyi is responsible for the “tumor pop 


Lett Ventricular Function - 


- ventriculer contraction it should be appreciated that 
= the intracardiac tumor acts like a cork, partially 
blocking the mitral orifice. The timing of the expul- 


. 1. Goodwin JF: Diagnosis of left atrial myxoma. Lancet 1:464— 
s 468, 1963 
..2. Penny JL, Gregory JJ, Ayres SM, et al: Calcified left atrial myx- 
oma simulating. mitral insufficiency. Hemodynamic and phono- 
cardiographic effects of tumor movement. Circulation 36:417- 
421, 1967 
3. Pitt A, Pitt B, Schaefer J, et al: Myxoma of the left atrium. He- 


ploring echo arc. The left atrial cavity could be ex- 


"Tumor plop”: The demonstration of an echo-free 
pace posterior to the anterior mitral valve leaflet ۱ 


-ertia of the tumor causes it to lag behind as blood - 
valve opens. However, Pitt et al. 3 concluded that the- 


movement of the tumor mass from the atrium to the 
rentricle, rather than from movement of blood, lik- — 
ning the action of the tumor to that of a piston or _ 
lunger.? By contrast, Wolfe et al.15 found that the 


or | sath) ‘does not 


large tumor remains _ 
letely traverse the - 
mitral valve, inflow obstruction to the blood draining. . 
"from the pulmonary veins can occur and the Y de: 
cent is slow. The early diastolic entry of the tumor — 
into the left ventricle. causes a sudden further in- — 
"crease in ventricular volume. This is probably re- — 


¿following the descending ventricular notch. Sudden . 
deceleration of the tumor in the left ventricular cavi- 


k To better understand the naine of the abnormal 


sion of this cork will determine if the left ventricle 
will contract isovolumically or not. Late expulsion of 
the tumor into the left atrium after aortic valve open- 
ing preserves the integrity of the isovolumic contrac- 
tion phase of the left ventricle. Electrical differentia- 
tion of the left ventricular pressure pulse (dP/dt) in 
this instance shows that the rate of 1 pressure develop- 
ment in the left ventricular cavity is approximately 
the same before and immediately after the left ven- 
tricular notch. However, if the tumor is expelled 


early, only the initial fraction of the rising left ven- 


tricular limb is truly isovolumic, and the decompres- 


` sion of the ventricular cavity results i in a sudden un- 


loading of the chamber (quick release). Tumor and 


` blood regurgitate into the left atrium at the time of 


the ventricular notch and the left ventricle is rela- 
tively empty. It now contracts from a very high initial 
pressure level with. minimal tension in its walls be- 


` cause of its small systolic volume. 'The contractile 
state of the ventricle is altered, with an increase in 

the velocity of ventricular 
` ventricular dP/dt before aortic ejection is noted to be. 





pressure rise, and peak left 


more rapid after the left ventricular notch. It is sug- 


gested that this is an in vivo example of the quick re- 
lease phenomenon in which the ventricle is. permitted i 
to redevelop tension from a generally shorter sarco- 


mere length.? | 
The mode of left ventricular contraction in left 
atrial tumor can be contrasted with that of tradition- 


. al mitral regurgitation. Braunwald!? demonstrated 


that the left ventricular pressure pulse contour in se- 
vere mitral regurgitation is abnormal, pointing out 


that aortic ejection begins early and the left ventricu- - 


lar curve appears to be amputated late in systole. po 
These events are due to the decompressing effect of 
the mitral valve leak, which renders the ventricle un- - 


. able to sustain intraventricular pressure, and the 
curve falls off abruptly in late systole. In left atrial 
` tumors, mitral regurgitation | occurs early in systole. 
`. Aortic ejection is delayed and a larger fraction of the 


forward. stroke volume is. discharged. late in the ejec- 
tion phase. Since mitral. regurgitation ceases when 


` the tumor reenters the left atrium, the amputation of 


the left ventricular curve. described i in traditional mi- 
tral regurgitation is not seen with a freely prolapsing 
left atrial tumor. Thus, in left atrial tumors, mitral a 
regurgitation begins earlier and terminates sooner 


` than in cases dd classic mitral insufficiency. 
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A reliable longterm: canine model for othe ê chocardlographic: evalua- 4 






tion of myocardial dimensions has not been previously described. Be- - 


` ` cause of the configuration of the dog's chest wall, surface echocardi- - 


ransducer ۲ 


ography is difficult to perform. Therefore, a small ultrasount 
۱ xperimental studies. In six — 


was designed for both short- and long-tern 





` dogs, a 1.7 by 0.5 cm, 2.25 megahertz lead titanate-zirconate echo | 
` transducer was sutured to the anterior ar > 0l 

ventricle. The transducer was. positioned measure septal thickness, 
left ventricular € posterior wall. thickness | an eft ventricula transverse Fr u 





eracvey mme co 
| closed. chest. t unanesthetized state. choos وه‎ phic de terminations 
of septal: and left ventricular wall thickness were in close agreement ۱ 
۱ with results obtained at necropsy. Phe | | 


| Several ee base — used to. ۳ left ventricular dimen- 
sions experimentally in. the dog. Hawthorne! used a variable resis- 
tance gauge to estimate changes in left ventricular circumference. 
Rushmer et al. used a variable induction diameter gauge to measure — . 
changes in left ventricular transverse diameter. Subsequently, Rush- | 
. mer et al. and Stegall et al.* used epicardially placed transmitted ul- — — 
trasound transducers to estimate left ventricular transverse diameter. 
Horwitz et al? used endocardially | placed transmitted ultrasound | 


transducers to obtain a more accurate measurement of the same di- - 
mension. . ۱ 
۱ Reflected ‘uliradoutids as usedi in echocardiography, has proved to. 


| be a valuable’ diagnostic tool; however, a long-term experimental | 


model has not been described. Although | surface echocardiography - 


`` has been accomplished in dogs,® the technique i is difficult because of 


the canine chest configuration. Echocardiograms have also been ob- | 
tained by holding an echo transducer on the surface of the heart,’ but — 


. this technique cannot be used in a long-term experimental model. We > 
therefore designed a reflected ultrasound transducer that.can be su- a 
tured on the heart. This model allows tracings of better quality. and. 


makes it possible to obtain both short-term open chest measurements > 


and long-term data i in. the closed chest unanesthetized animal. It was | zd 
believed that a good canine model for echocardiography would allow ۱ 

further. experimental: investigations. of a technique that has already — — 
shown great promise E in the diagnosis and management of £ 2 


cardiac disease. 
Methods 


Transducer design: The electrical design of the transducer i is Candi to- 
the design used for clinical transducers, thus allowing the use of a standard | 
pulse-echo machine (Ekoline 20) and recorder (Honeywell 1856). The trans- 


ducer crystal is lead titanate-zirconate, chosen. for its wide bandwidth (that 


is, high axial resolution) and high sensitivity. The crystal is shaped as a circu- | 
lar concave disc to provide moderate focusing.” 
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BACKING MATERIAL 





EPOXY CASE — 

















FIGURE 1. Mechanical design of the e pls ۱ TS echo . 
~ = “transducer. The transducer is composed of p concave - | 
.. dircular crystal with . tungsten. Packing d 

ood | E 





e The mei design. of. he مش‎ differs from. 
that of the clinical transducer (Fig. 1). The transducer case 
. is a truncated cone with suture holes around the periphery. 
» "Thus,. it can be sutured directly to the epicardium and re- 
mains free to move with the heart as it contracts. An epoxy 
^ transducer case has shown no. harmful effects to the myo- | 
| cardium. and is easily sterilized. — ^. ۱ 
^. Resolution in a pulse-echo ‘Ultrasound etea is EA 
NA mined by the transducer. The transducer's axial resolution 
- .. (resolution i in the direction of the ultrasound beam) is ap- 
۱ proximately 3 mm, which has been: found adequate for. 





` ECHO ELI 
WALL . 


FIGURE 3. A typical echocardiogram obtained with the implantable H 
3 . echo. transducer shows excellent resolution of the septum and left. - 
"s FIGURE 2. Positioning of the ی‎ The transducer is sutured — ventricular posterior wall. Measurements of septal and posterior wall 
On the right ventricle (RV) and positioned to visualize the septum (S, thickness and left ventricular transverse diameter can be obtained. 
—. the tip of the anterior leaflet of the mitral valve (MV) and the left ven- ^ n addition, left ventricular (LV) pressure and aortic flow can be si- 
vate tricular posterior wall (LVPW). |». multaneously recorded. 
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TABLET 


: Comparison of. Echocardiographic and Necropsy 
Measurements of. Septal and Left Ventricular Posterior 
Wall Thi ckness (cm) 


Left Ventricular Posterior Wall . 


~ Septal Thickness | Thickness 





maran ایس ی حرط‎ rama rt ایس‎ rare ma m mne 


= Dog no. -Echocardiogram Necropsy 































1 14 3 1.2 1.0 
2 1.2 1.1 ae 1.0 
3 11 | 0.9 . 1.0 1.0 
4 11 P sx 0.8 0.7 
5 0.9 LU. 11 1.2 
6 1.1 [du ` 10 1.0 





nplantation of the transduce 





ght and superiorly to inf orly on the right ventricular 
the ‘anterior leaflet of the mitral valve is visualized and 
maximal chamber diameter is maintained throughout the 
diac. cycle. (Fig. 2). Two 4-0 Tevdek sutures anchor the. 
transducer firmly in place without distorting the surface of. 
the right ventricle. With use of. the transmitted ultrasound 
technique, a second transducer is moved along the left ven- 
tricular posterior wall until a maximal signal amplitude is 
` obtained. This technique demonstrates the exact pathway 
of the ultrasound beam by determining the point of exit. 


- The pericardium is loosely approximated and the transduc- 


. neck. At all stages of the closure, the echocardiogram is 
: checked to ensure maintenance of transducer location. 


Results 


! "۷ Six dogs were. equipped with echo transducers and 
é lowed to recover. Echocardiograms were obtained 2 
pelts to 3 months post 1 atively (Fig. 3). Measure- 


thickness obtained by e chocardiography and at nec- 
FURY v were in close agreement d gd D. Performance 


2 1 Hawthorne EW: Instantaneous dimensional changes of the left 
`... ventricle in dogs. Circ Res 9:110-119, 1961 ۰. ۰. 


.. .Surements of left ventricular dimensions. in. intact, unanesthet- 

` ` ized dogs. Circ Res 2:14-21, 1954 - Bs 

3. Rushmer BF, Franklin DL, E 
recorded by sonocardiome 






. Circ Res 4:684-688, 1956 
-> ` nomicrometer. J Appl Physiol 22:289-293, 1967 


`. ment of internal left ventricular. diameter. ل‎ App! Physiol 24: 
vm .. 788-740, 1968 
. Stefan G, Bing Ru: Echocardiographic findings in experimental 
. myocardial infarction of the posterior left ventricular wall. Am J 
. Cardiol 30:629—639, 1972. 
.7. Kerber RE, Abboud FM: Echocardiographic detection of region- 
al myocardial. infarction. An experimental study. Circulation 47: 
997-1005, 1973 > 
8. Wells P: Physical Principles. of Ultrasonic Diagnosis. London, 
` Academic Press, 1969, p 28-73 
9. Feigenbaum H, Popp RL, e JN, et al: Left ventricular wall 





Echocardiogram - Necropsy m : d 


D. rotating the ere to the left. The pees IÊ for ^. 
ny s determined by watching. 
e echocardiogram as the transducer is moved from left to — 


flow tract. This maneuver is. repeated until the tip of 


` from the heart. The second transducer is then removed. 


er cable brought out through a subcutaneous tunnel in the _ 


2. Rushmer BF, ‘Crystal: DK, "Wagner. C, et al: Continuous Ar 


lis RM: Left Ventricular. dimensions D ae 
“4, Stegall HF, Kardon MB, Stone HL, et al: A portable simple so- - 


5. Horwitz LD, Bishop VS, Stone HL, et al: Continuous measure- | 


smpi aons or instances of transducer failure. The 


. dogs either were killed or died of hemorrhage from 


the sites of aortic flow probes that Bon been placed 
for other studies. 
Discussion 


Echocardiography i isa valuable tool for irê di- p 
agnosis and management. A long-term canine. model 


was designed to permit echocardiographic experi- 5 


ments: that could not be performed in human 
subjects and to simulate as closely as possible the 
echocardiogram obtained in patients. We believe that 


. these aims have been accomplished in a model that 


has proved reliable for up to 3 months. This model 


|. provides an accurate method for estimating left ven- 


tricular function and dynamics and for measuring 


left ventricular? and septal wall thickness. In addi- 


tion, one may use left ventricular transverse diameter 
for estimating left ventricular volume, ejection frac- 


tion and velocity of circumferential fiber shortening.!9- - 
` 15 Left ventricular posterior wall motion can also be 


studied. Thus, in addition to its clinical applica- - 


tions, the canine echocardiogram allows the evalua- ` 
tion of several indexes of left ventricular function by — 


the relatively easy installation of one. piece: of equip: E 
ment. | 

We are presently using this niodel id compare 
echocardiographic determination of cardiac output 
with simultaneous electromagnetic flowmeter mea- 
surements and to study drug responses as monitored 
by echocardiography and instantaneous left ventricu- 
lar volume changes. In addition to providing the 
standard echo pattern, the model permits one to 
focus on specific areas of the heart for special studies - 


by manipulating the location of the transducer. For . 
example, by placing the transducer on the left ventri- - 


cle, one can study changes in right ventricular diame- _ 
ter and wall thickness without trauma to the right - 
ventricle. We believe that this model will be useful 
for both possible extrapolations to clinical echocardi- 
ography and applications as an experimental tool in 
studying left ventricular dimensional changes and 
function. 
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e Equipped with a recorder output. 
e Provides information on the area under the dilution 
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@ Price: $1,540.00 
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MDI-100A High Rate Atrial Pacemaker 


SOLUTION: Safe arrhythmia 

conversion. 

The MDI-100A is both a high rate 

atrial pacemaker and a fixed rate 

ventricular pacemaker, which 

converts atrial arrhythms to 
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easily managed rhythms. Safely. 

With a warning light that detects 
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Write Gould Inc., Instrument Systems Division, with accessories to fit your needs. 
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PULMONARY VASCULAR DISEASE IN COMPLETE TRANSPOSITION—NEWFELD ET AL. 


با 


FIGURE 1. Pulm 
Focal intimal fibrosis is indicated by the arrow. 3, grade 3. Occlusive intimal fibrosis. 4, grade 4. Typical plexiform lesion. 


older children with transposition of the great arteries 
with an intact ventricular septum. Paul," in a study 
including children over age 10 years, found only 3 of 
45 patients with an intact ventricular septum who 


: ` had a calculated pulmonary vascular resistance of 


more than 4 units (mm Hg/liter per min per m? body 


_ surface area). 


; This work is an attempt to define further the mor- 
^^. phologic and physiologic spectrum of pulmonary vas- 
-— cular disease in patients with transposition of the 
- great arteries by the study of a large patient popula- 
- tion. The relation of associated defects, such as ven- 
. tricular septal defect, patent ductus arteriosus and 
^». pulmonic stenosis, to the development of pulmonary 
`. vascular disease is examined. An attempt is made to 
correlate the pathologic findings with the hemody- 
 namic assessment obtained in some of these patients 
at cardiac catheterization, and conclusions are drawn 
as to the proper timing of surgery to prevent irrevers- 
ible pulmonary vascular disease. 


Methods 


Case material: Lung specimens of 200 patients with 
simple dextrotransposition of the great arteries were exam- 
ined microscopically for evidence of pulmonary vascular 
disease. The specimens were obtained between 1956 and 
1972 at autopsy in 185 patients and by open lung biopsy at 
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the time of cardiac surgery in 15 patients. Dextrotransposi- 
tion of the great arteries was considered present if the aorta 
arose entirely from the right-sided morphologic right ven- 
tricle and if the pulmonary artery arose from a left-sided 
morphologic left ventricle. In all cases, there was levocardia 
with situs solitus of the viscera and atria. The presence and 
size of associated lesions, such as ventricular septal defect, 
patent ductus arteriosus and pulmonic stenosis, was con- 
firmed either at autopsy or by cardiac catheterization and 
surgery. Before November 1965, infants who had palliative 
interventions underwent either surgical creation of an atri- 
al septal defect!? or a partial venous switch operation 
(Baffes procedure).!? Since November 1965 balloon atrial 
septostomy!^ has been attempted in all infants with trans- 
position of the great arteries seen for the first time, and 
surgical palliation has been reserved for infants in whom 
this procedure appeared clinically inadequate. 

Grading of pulmonary vascular disease: The autopsy 
specimens were taken from each lung, fixed in formalin and 
stained with hematoxylin-eosin or elastic tissue stain, or 
both. The surgical biopsy specimen was obtained from one 
lung and stained with hematoxylin-eosin and elastic tissue 
stain. The patient's age and the associated cardiac defects 
were not known to the examiner at the time of the histolog- 
ic evaluation in all autopsy cases. The grade of pulmonary 
vascular disease was assigned according to the Heath-Ed- 
wards!? classification. 

Grade 1 (medial hypertrophy) indicates that the width 
of the media was approximately 10 percent or more of the 



















FIGURE 2. Medial NUM The arrow indicates. the 
thin medial width of this vessel seen both in cross and - 
longitudinal section. The patient had a ventricular de- 
fect and pulmonic stenosis. Pressures: left ventricular . 
85/7 mm Hg, pulmonary arterial 20/ 10 (mean Tkp mm 
Hg. 


cross-sectional diameter of a vessel examined in round 


cross section (Fig. 1). This value is twice that described by 


Wagenvoort!? as the upper limit of normal (4.6 percent + 
1.08 [1 standard deviation]). The lungs i in our study were 
not fixed in an inflated state and, since fixation-contrac- 
tion tends to make the medial wall appear relatively thick- 
er, we elected to use a higher value as the upper limit of 
normal to minimize this error. Thus, sections graded as 
having no pulmonary vascular disease (normal) may in fact 
have some minor degree of medial hypertrophy and could 
be classified as grade 1. 

Grade 2 indicates cellular intimal hypertrophy or only 
focal nonocclusive intimal fibrosis. Grade 3 was diagnosed 
only when intimal fibrosis was occlusive. Grade 4 was as- 
signed when vascular dilatation and plexiform lesions were 
present. Several patients with definite angiomatoid lesions 
and extreme vascular dilatation (grade 5) were included in 
the group with grade 4 changes. Grade 6, arteritis, was not 
found in this series. 

Medial atrophy was considered present when the media 
was judged to be thinner than normal (Fig. 2) using criteria 
described by Wagenvoort in tetralogy of Fallot and in pul- 
monic stenosis with normally related great arteries,’ as 


_well as in lung biopsy specimens obtained from patients 
^ with. transposition of the great arteries with intact ventric- 
ular septum. !® 


Cardiac catheterization; Catheterization studies were 





i performed i in 110 of the 200 patients with histologic stud- 


ies. Determination of pulmonary’ resistance (PVR) was 
based on the following formula: PVR = (Ppa — Ppv)/Qp 
where Ppa is mean. pulmonary arterial. pressure, Ppv is 
mean left atrial or pulmonary venous pressure, and Qp is 
the mean pulmonary blood flow (liters/min per m?) calcu- 
lated by the direct Fick method. Pulmonary arterial and 
left atrial or pulmonary venous pressures and oxygen satu- 
ration were measured directly in 61 patients, and oxygen 
consumption Was estimated"? i in 39 patients and measured 
in 22. 

The patients were classified into two groups (Table I). 
Group A consisted of 107 patients who had either an intact 
ventricular septum or a small ventricular septal defect. A 
ventricular septal defect was considered small if, at autop- 
sy, it measured less than 3 mm in diameter and if, at cathe- 
terization, the angiocardiogram clearly demonstrated a 
small jet flow through the defect. Group B consisted of 93 
patients who had a large defect as judged by autopsy, an- 
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giocardiographie criteria Or surgical findings. Pulmonic ste- .. 
nosis was diagnosed if a peak systolic pressure gradient of . 
greater than 20 mm Hg was demonstrated on a pullback - 
pressure recording from the pulmonary artery to the left. 
ventricle. Angiocardiographic findings of left. ventricular a 
outflow tract. obstruction were demonstrated in many of | 
these patients. - 


l . Results : 

Group. A: intact P vencricalas septum or small : 
ventricular septal defect: In the group of patients 
with an intact ventricular septum or a small ventricu-. 
lar septal defect (Table I, Fig. 3), nine (8.4 percent) 
showed changes greater than grade 2. Two infan s 
aged 3.5 and 4 months, each with evidence of à per- 
sistent large patent. ductus arteriosus, had. grade 3: 
changes. Seven patients had grade 4 changes; three 
were under age 1 year, and each had a large patent 
ductus arteriosus; four were over age 2 years and had > 
only a large atrial septal defect. 

Mild tò moderate pulmonic stenosis was present in 
10 patients, with pressure gradients ranging from 20 
to 64 mm Hg (median 40 mm Hg), and in 6 of these 
the lung sections demonstrated medial atrophy of the 
pulmonary arterioles (Fig. 2). | 

Group B: large ventricular septal defect: The — 
rapid development of pulmonary vascular disease in 
this group of patients with a large ventricular septal 
defect is in marked contrast to findings in Group A 
(Table I, Fig. 4). There were 57 patients under age 1 
year in Group B, and 21 of these younger infants (36 
percent) already had grade 2 changes, compared with 
only 15 percent of the Group A patients of the same 
age. 

Thirty-six patients were over age 1 year; 26 (75 
percent) showed grade 4 changes, whereas only 12 
percent of patients of the same age in Group A had 
such severe disease. Only eight patients over age 1 
year had less than grade 3 changes, and six of these 
had significant pulmonic stenosis. 

There were 17 patients with a large ventricular 
septal defect and pulmonic stenosis with a peak sys- 
tolic pressure gradient of 20 to 80 mm Hg (median 59 
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«histologic changes progress in a stepwise manner 
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‘tance calculated from cathete 
„grade of pulmonary vascula 


isease evaluated by 
histologic examination. (Fig. 6). All 








four other patients, all with a large ventricular septal. 
_defect and grade 4 disease, had a pulmonary vascular 


resistance of less than 10 units (range 5.7 to 9.0 


units). The histologic examinations followed the he- 


: modynamic studies by less than 30 days, thus exclud- | 
- ing the likelihood that significant progression of pul- - 


. monary vascular disease occurred between the two 
^. assessments. ۱ 





uM C 


a Hg). Non: of their ling. specimens aR E 
greater than grade 2 pulmonary vascular disease; 


- Progression i in pulmonary vascular disease! In 

the present study, an attempt was made to evaluate - 
the percentage of lung vessels demonstrating grade 3. 
"or 4 changes in each patient with this degree of pul- — 
 monary vascular disease. It was observed that the 


-from grade to grade: as described by Heath and Ed- ۱ 


. The lung specimens of 43 patients who had grade n | 
_or 4 changes were further evaluated by tabulating 100 
: vessels. from each. specimen. viewed. in:cross section - 


va that anaes observed i ina و ی‎ specimen, it Hee ۱ 


no. of cases 107 93 
Autopsy = | | 96 89 
- | ^ tung biopsy mE i E 11 
Hemodynamic « pa R In 58 of our. pa- TE 
ients, data were available to permit an attempted - E 
correlation between the- ulmonary vascular resis- - 

ation studies and the ۰ 


.Pulmonicstenosis — ^ = 10 (OM 
CN Balloon atrial septostomy - o. EIS 14 MESS S 
NE Cardiac catheterization... 5. 59: SL To 


patients with nor- _ 
mal pulmonary vessels had a pulmonary vascular rec : 

-sistance of less than 5 units. Three. patients with a un 
` value greater than 10 units had grade 4 disease, but — 












i IGURE 3. Pulmonary. vaseular disease | in patients u with 
. intact ventricular septum or small ventricular defect 
_ (Group A) IVS = intact ventricular septum; PDA = 

`. patent ductus arteriosus (one: pa 






patient: included in. this. 


.* group had a surgically. e forte pulmonary 
PI WT E PS = تا‎ stenosis. ET 





arterial pressure of 501 mm Heo or reê ter was. i dnvari- 


ably associated with grade 4 pulmonary vascular dis- 


ease. All the infants with à mean pulmonary arterial 
` pressure of 50 mm Hg or greater who had less than 


grade 4 pulmonary vascular disease were under age 1 


year. In patients. 120 D dayê or. older, the mean values 7 


: TABLE ۱ 


3 Classification of Patients and Grading of 
F Pulmonary Vascular Disease - 
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* Age at which lihê specimen: became available. 

t Includes grade 4 or 5 pulmonary vascular disease (Heath- 
Edwards classification). . 

IVS = intact ventricular septum; VSD = 
defect. 
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We = | | “FIGURE 6. The relation between calculated pulmonai y. vàscülar re. 
n FIGURE 5. Ti he extent of vasċulär. involvement related to the age of — . sistance (mm Hg/liter per min per m?) and histologic pulmonary vas- 
jap the patient and the final grade of pulmonary vascular disease. cular disease in 58 patients. N = normal pulmonary vessels. 
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FIGURE 7. The relation between mean pulmonary arterial pressure 
and histologic vascular disease ز‎ in 61 patients. 


s ductus arteriosus, only 4 of 94 (4.3 percent) manifest- 
ed grade 4 changes. Each of these four patients had a 
. -large atrial septal defect, naturally occurring in two 





JC two. Since transmission of systemic pressure to the 
-Jungs was not present, chronic hypoxemia and in- 





2 stimuli. to the production of vascular changes in these 
ae patients. However, the occurrence of grade 4 changes 
in even a few such patients indicates the need for 

























transposition of the great arteries after septostomy or 
رن‎ tectormy, probably between 6 and 12 months of 


: When a large shunt was present at the nen vessel 
level, such as a large patent ductus arteriosus or sur- 
gically created aortic-pulmonary anastomosis, a more 


discussed by Shaher and Kidd.*4 Five of 13 patients 
in our Group A (Fig. 3) with a shunt at the aortic- 
pulmonary level had grade 3 or 4 changes before age 
-1 year. In one of these, a large aortic-pulmonary 
shunt was created because of severe pulmonary ste- 
: nosis with diminished pulmonary blood flow. Grade 3 
- disease was observed 2 months after creation of the 
/ shunt at age 4 months. The other four infants had a 
. large patent ductus arteriosus. 

Eighteen of the patients in Group A over age 1 year 
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~~ and created by balloon catheter atrial septostomy i in 


us creased pulmonary blood flow are the only apparent 


early hemodynamic reassessment of patients with 


rapid development of advanced. pulmonary. vascular ۱ 
disease appeared to occur. This association was noted 

by Viles et al., and the relation of a large patent - 
ductus arteriosus to the persistence of pulmonary hy- | 
pertension in patients with transposition has been " 





had normal pulmonary vessels. They all had an atrial 
shunt created surgically or by balloon catheter sep- 
tostomy. Twelve of this group had no demonstrable 
pulmonary stenosis, but had increased. pulmonary 


blood flow and chronic hypoxemia. Even with retro- 


spective analysis, there were no readily evident clini- 
cal findings in early infancy to distinguish the four 
children with only an atrial septal defect who. had 


grade 4 pulmonary vascular disease from these pa- 
. tients without pulmonary disease. 


Pulmonary Vascular Disease in Patients with Transpo- 
sition and a Large Ventricular Septal Defect 


When transposition. of the great arteries is associ- 
ated with a large ventricular septal defect, the devel- 


. opment of pulmonary vascular disease is rapid. Such 


patients often had a much higher level of systemic ar- 
terial oxygen saturation than those with an intact. 
ventricular septum, but palliative interventions are. 
indicated because the increased. pulmonary blood | 
flow and. pulmonary arterial pressure are associated. 
with. persistent congestive heart failure. and rapidly 
progressive pulmonary vascular disease. __ > 
Pulmonic stenosis was. clearly protective against 


the development and progression of pulmonary vas- — 


cular changes in patients in Group B. None of the 17- 
patients with pulmonic stenosis and a large ventricu- 
lar septal defect had more than grade 2 disease. 
Pulmonary arterial banding has been advocat- 
گم‎ to protect the lungs from the development of 
pulmonary vascular disease in patients with transpo- . 
sition of the great arteries and a large ventricular- 
septal defect. Four patients in the present histologic — 
study underwent this surgical procedure, two before — 
age 6 months. One had normal vessels and the other _ 


had only grade l changes, 3 and 7 months, respective- T 
ly, after the operation. In the other two patients, — 


banding was performed at the respective ages of 10 
months and 1 year, and both patients were found to ۰ 
have grade 4 pulmonary vascular disease at 18 and 24 


months of age. 


The patient who had تن‎ acte banding | 
at age 1 year presented unusual findings. Cardiac 
catheterization just before operation revealed: pul- 
monary arterial pressure 70/40 (mean 55) mm Hg; 
aortic pressure 85/50 (mean 70) mm Hg; and pulmo- 
nary vascular resistance 7.7 units (mm Hg/liter per 


min per m?). At operation, a band applied to the ` 
. main pulmonary artery reduced the distal pulmonary - 


arterial systolic pressure to 20 mm Hg. Repeat. cardi- . 
ac catheterization 1 day before death (at age 2 years) 
revealed the. following - pressures: left ventricular - 
140/10 mm Hg, distal pulmonary arterial 14/12 mm _ 
Hg, right ventricular 100/10 mm Hg and aortic 100/ 
45 mm Hg. At autopsy the pulmonary arterial band . 
was extremely tight, almost occluding the pulmonary - 


artery. The ventricular septal defect measured only 4 


mm in diameter and appeared to be closing. 

The patient died after a severe cyanotic spell that 
occurred on the evening of the catheterization. Our 
pathologic- hemodynamic. correlation studies (Fig. 7) 
suggest that in this infant grade 4 pulmonary vascu- 


- lar disease was already present at the time of the pul- 


. continued to progress even after the operation, and it 
is also likely that the band became progressively 
tighter, so that pulmonary blood flow was further 
critically reduced. Microscopic examination revealed 
markedly advanced pulmonary vascular disease with 
extreme vascular dilatation (grade 5) throughout the 





. ` lungs. This case demonstrates that it is possible fora | 


pulmonary arterial band to be restrictive enough to 
reduce the distal pulmonary arterial pressure even in 
. the presence of advanced distal vessel disease. 


a .  Pathologic-Hemodynamic Correlations 













„Jar bed in patients. with transposition. of the great ar- 
.. teries requires careful hemodynamic studies. Mair et 
. . al? discuss application of both the pulmonary vascu- 
no lar resistance and the. pulmonary arteriovenous (a-v) 

` oxygen difference in assessing. the degree of pulmo- 


. nary vascular disease in patients with transposition 


a ‘and a large ventricular septal defect. In their experi- 


. ence, survival after a Mustard. operation and closure . 


` of the large ventricular septal defect is likely if the 

. pulmonary a-v oxygen difference is 2.3. volumes per- 

cent or less and the pulmonary vascular resistance is 
~~ 10 units or less. 

-These authors further. dicas that. fim their 

C studies they feel confident that patients with trans- 

“< position of the great arteries with a. large ventricular 

` septal defect and without significant pulmonic steno- 

-sis do not have severe pulmonary vascular disease if 

“a. the pulmonary a-v difference is less than 2.0 volumes 

|. percent. Patients with a difference of 2.6 volumes 

percent are considered to have severe pulmonary vas- 

cular disease and should not be operated upon. Pa- 







tients with a difference within the range 2.0 to 2.5 


. volumes percent are considered “borderline” with re- 
= spect to operability since, in this category, all pa- 


tients are considered to have significant. pulmonary 









. vascular disease. 
< Our present study indicates. that. patients in the 
ysiologic “borderline” 
a ` histologic grade’ 4 pulmonary vascular disease. 
aa TI ree of our four patients with a pulmonary vascular 
` `» resistance of less than 10 units but with grade 4 pul- 
| . monary vascular. disease had. pulmonary a-v oxygen 
differences ranging from. 2: 0 to 2.3 volumes percent 
(Fig. 6). One patient had an attempted complete sur- 
gical repair with closure of the ventricular septal de- 
fect and died in the immediate postoperative period. 
Two patients survived the Mustard operation, but 
their ventricular defects were not closed because the 
preoperative lung biopsy specimen demonstrated 

grade 4 changes. 

Our findings suggest that any infant over age 1 
year with transposition of the great vessels and a ven- 
.. tricular septal defect who has a mean pulmonary ar- 
«. . terial pressure of 50 mm Hg or greater is likely to 
M have grade 4 pulmonary vascular disease. We have 

.. elected to perform open lung biopsy in borderline 
 . Cases. The biopsy specimen must contain at least 10 









PULMONARY VASCULAR | 


` monary arterial banding. It is likely that the disease 


E Preoperative assessment of. the pulmonary vascu- 


-category described may 


July 1974 The American Journal of CARDIOLOGY Volume 34 





DISEASE IN COMPLETE TRANSPOSITION—NEWFELD ET ; 





to 20 pulmonary arterioles and arteries to be consid: us 
ered adequate for diagnosis. If grade 4 vascular dis- - 
ease is seen in the biopsy specimen, a Mustard opera- 
tion is performed without closure of the ventricular - 
defect. When no grade 4 lesions are identified, the - 
decision regarding closure of the ventricular defect is | 
based on the hemodynamic criteria suggested by 
Mair et al.® 
Hypertensive pulmonary vascular disease develops. 
asa complication i in patients with various congenital- 
cardiac defects. The physiologic factors believed. to. 
stimulate its. development include increased. pulmo- E 
nary blood flow, transmission of increased pressure . 
to the. pulmonary circulation, pulmonary venous hy- 7 
pertension and system rterial hypoxemia (for ex- 
ample, that found in patier ts at high altitudes). Pa- ` 
tients with complete transposition of the great ves- - 
sels often have many or all of these pathophysiologic” 
factors. m 
Increased: pulmonary’ blood flow is found in pa 
tients with transposition with intact ventricular sep- 
tum and atrial septal defect, especially patients over _ 
age 6 months.” Patients with persistent large patent . 
ductus arteriosus or ventricular septal defect have . 
pulmonary hypertension ¢ as well as increased. pulmo- — 
nary blood flow. Arterial hypoxemia of various de- . 
grees is present in all patients with transposition of - 
the great arteries. Arterial hypoxemia has been dem- | 
onstrated to result in pulmonary vasoconstriction - 
and medial hypertrophy.?9 All these stimuli. acting — 
together promote the. apparently accelerated course 1 
of pulmonary vascular disease found in patients. with ‘ 
transposition by comparison with the course in. pa: ۱ 
tients with normally related great arteries. i 




















Pulmonary Vascular Disease After the Mustard EE 
Operation" ۱ 


Additional information d the natural hist 1 
. of the pulmonary vascular bed in transposition of the _ 
great arteries must await long-term hemodynamic . 
and histologic postoperative studies. The occurrence . 
of obstruction to. pulmonary venous return noted in - 
some patients after the Mustard operation”? may act- 
as a continuing. stimulus for vasoconstriction and. the E 
development of pulmonary vascular disease. : 
Two patients in the present study, both with an in- 
tact ventricular septum, have shown evidence of pro- _ 
gressive pulmonary vascular disease after a successful © 
Mustard operation. One patient had atrial septos- 
` tomy performed at age 5 days and, subsequently, a - 
large patent ductus arteriosus was ligated at age 3 
weeks because of persistent severe congestive heart 
failure. The infant did well clinically thereafter. At - 
age 13 months, before a Mustard operation, cardiac - 
catheterization studies revealed normal pulmonary — 
arterial pressure (25/15 mm Hg) and a lung biopsy . 
specimen obtained during this successful operation © 
revealed grade 2 pulmonary vascular changes. At car- - 
diac catheterization 1 year after the Mustard opera- 
tion, the pulmonary arterial pressure was 40/25 mm 
Hg and it increased to 60/25 mm Hg after a levoan- | 
giogram. The pulmonary arterial angiographic pat- 
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PULMONARY VASCULAR DISEASE IN COMPLETE TRANSPOSITION—NEWFELD ET AL. ۳۳۳۳۳ 


2° 
— tern demonstrated increased tortuosity of the distal 
<“ pulmonary arterial branches, which we have found 
<=. indicative of pulmonary vascular disease. There were 
: further angiographic.and pressure data indicating 
that mild obstruction to pulmonary venous return 
` éxisted just proximal to the tricuspid valve. 

=i- The second patient who had pulmonary vascular 































-stenosis (left ventricular-pulmonary arterial gradient 
- of 45 mm Hg) was demonstrated at the preoperative 
-cardiac catheterization. A successful Mustard opera- 
. tion at age 13 months included resection of the sub- 

` pulmonic stenosis. The lung biopsy specimen taken 
-at that time showed medial atrophy of many of the 
arterioles, but there were clearly thrombotic lesions 
-in some of the small arteries. At cardiac catheteriza- 
-tion 16 months after operation the pulmonary arteri- 
~al pressure was 60/30 (mean 45) mm Hg, and there 
"Was. angiographic evidence of tortuosity and a cutoff 
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` disease after a Mustard operation had balloon atrial 
| septostomy at age 7 days, and moderate subpulmonic 


5. Dillard DH, Mohri H, Merendino KA, et al: Total surgical correc- - 


in transposition of the great vessels. Am J Dis Child 99:653- 
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pattern of many distal pulmonary vessels. An open 
lung biopsy specimen obtained soon thereafter 
showed grade 4 pulmonary vascular. disease and some 
arterial recanalization. 

The possibility that multiple, repeated small pul- 
monary emboli play a significant role in the develop- 
ment of pulmonary vascular disease in transposition 
of the great arteries needs further study. Another fac- 
tor may be the | presence of markedly unequal pulmo- 


` nary blood flow in patients with transposition of the 


great arteries, as recently described by Muster et al. 
The apparent increase in flow to the right lung in 


some patients with transposition of the great arteries 
may act as a stimulus for the development of intimal 


lesions in the vessels of that lung, and the sluggish 
flow to the left lung may promote the development of 
pulmonary microthrombi. 
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vy parents. The father was 26 and the- 
child. (Patient 1) was born. This child, a 
mother's second pregnancy resulted in fra- 
ent 2) died at age 24 months; the fraternal. 
Biochemical studies revealed that the (A 
and the fraternal twin were heterozygotes for Sandhoff's disease. (Table di 
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` HEART IN SANDHOFF'S DISEASE—BLIEDEN ET AL. 

oa TABLE | 

a ` Total Hexosaminidase Activities* in Various Sources from 
D ‘Homozygotes and Heterozygotes with Sandhoff's Disease and 
n. Normal Control Subjects _ 















Plasma Liver Heart 
۱ 
. Patient 1 shee «0.1 un 
-Patient 2 32 0.9 8.0 
Heterozygotes | | 
. Father 296 — 48 bx 
^. Mother 290 81 b. seh 
.. Twin of Patient 2 886 ۰ 118 i 
Normal infant mean 1,730 236 980 
.. and range  (1,040-2,720) (164-295)  (684-1,400) 
"un no. = 12. no. = 6 no. = 3 | 
Normal adult mean 661 9 E 
and range | (430-1,160) (93-106) P 
7 ۱ no. = 20 | no. = 3 


l 4- methylumbelliferyl beta-N- acetyl-glucosaminide hydrolized 
per hour per ml plasma or g wet weight tissue. Standard re- 
action conditions were used as described by Desnick et al. 


revealed mitral regurgitation and congestive heart failure. 
The patient was digitalized and cardiac catheterization was 
performed revealing increased pulmonary arterial wedge 
„pressure (V wave 32, mean 23 mm Hg). Left ventriculog- 
-raphy demonstrated severe mitral regurgitation and a 
thickened left ventricular wall (Fig. 1). A diagnosis of endo- 
cardial fibroelastosis with mitral regurgitation was made. 
Significantly delayed motor development manifested by 
.poor head control and inability to sit or stand was evident 
by age 14 months. Physical examination revealed features 
suggestive of mucopolysaccharidosis: slight macroglossia, 
"megaloencephaly, hepatosplenomegaly and a vertebral gib- 





bus. In addition, features of a gangliosidosis were present 


=> and included cherry red maculae, optic atrophy, hypera- 
: cusia and abnormal pyramidal tract signs. Cardiac exami- 
nation revealed a grade 3/6 apical blowing systolic murmur 
radiating to the axilla. The first heart sound was normal; 

“the second heart sound was split and the pulmonic compo- 

nent. was mildly accentuated. No diastolic murmurs were 

heard. 

-JAn electrocardiogram تیه‎ left ventricular hypertro- 

phy and strain. Moderate cardiomegaly, an enlarged left 
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B * * Total hexosaminidase activity | is BEKES as ASHORE 


atrium and normal pulmonary vasculature were observed 
in the thoracic roentgenogram. 

The neurologic deterioration led to investigation for the 
presence of a storage disease. Biopsy specimens of bone 
marrow and liver studied by light microscopy were normal. 
Urinary mucopolysaccharide excretion was within normal 
limits. The diagnosis of Sandhoff’s disease was made 
biochemically (Table I). ۱ 

The patient showed progressive neurologic deterioration. 
In contrast, his cardiac condition was not progressive and 


administration of digitalis was discontinued. The patient 


died of pneumonia at age 21 months. 


Patient 2 


The mother of Patient 1 had a second pregnancy, result- 
ing in fraternal twins. The female twin developed normally 
until age 3 months, when loss of head control was observed. 
Physical examination revealed a small infant with retarded 
development and bilateral cherry red maculae. Áccentuat- 
ed deep tendon reflexes were present bilaterally and the 
Babinski reflex was positive. Cardiac examination was nor- . 
mal and the liver was palpable 2 cm below the right costal 
margin. ۱ 

Moderate cardiomegaly was idl in the thoracic 
roentgenogram. An electrocardiogram revealed left ventric- 
ular preponderance. Slightly increased pulmonary wedge 
and main pulmonary arterial pressures (means 15 and 24 
mm Hg, respectively) were found at cardiac. catheteriza- 


tion, and the left ventricular end-diastolic pressure was 


slightly increased. On left ventriculography the left ventri- 
cle appeared enlarged, and the volume changed little be- 
tween systole and diastole. Mitral reflux was present. 

The patient's neurologic status deteriorated and she ex- 
perienced repeated generalized seizures and increased 
spasticity of the limbs. She died of pneumonia at age 2 


years, never having manifested cardiovascular symptoms. 
Biochemical Findings 


Table I presents the total hexosaminidase levels in the - 
plasma, liver and heart of each family member. Both pa- 
tients had severe deficiencies in total hexosaminidase in 
each source. Intermediate levels of hexosaminidase activity 
found in the parents and the male twin of Patient 2 identi- 
fied them as heterozygotes. 

The levels of globoside in plasma and urinary sediment 
were increased significantly in each patient, thereby con- 
firming the enzymatic diagnosis. Table II shows the con- 
centrations of the neutral glycosphingolipids in the left 
ventricle; the levels of the accumulated substrate globoside 
in Patients 1 and 2 were 451 and 196 nanomoles/g wet 


. FIGURE 1. Patient 1. Left ventriculo- 
—— gram. Posteroanterior view in systole 
(A) and diastole (B). in systole (A), 
the myocardium is thickened, severe 
mitral regurgitation is present, and 
the left atrial appendage is enlarged. 
The left ventricular cavity is enlarged 
in diastole (B). 






































weight, more than seven- and threefold greater, respective- 
ly, than the normal infant mean level. 


x 


Postmortem Examination 


Tissues of each patient were studied by both light and 
electron microscopy. Biochemical analysis was performed 
for levels of total hexosaminidase activity and globoside in 
the heart and liver. 


Anatomic Findings 


The anatomic findings were similar in both patients. The 
hearts weighed 105 and 90 g, respectively; prominence of 
cardiomegaly related primarily to left ventricular hypertro- 
phy and dilation. The right atrium and ventricle were of 
normal size and the foramen ovale was sealed in each case. 

The cardiac valves and endocardium were abnormal. The 
tricuspid valve was poorly differentiated and showed thick- 
ened leaflets. The chordae tendineae were moderately 
thickened, shortened and fused. The pulmonary valve ap- 
peared normal in Patient 1, but was slightly thickened and 
rigid in Patient 2. In both patients the left atrium and ven- 
tricle were enlarged and lined by endocardial sclerosis (Fig. 
2). The mitral valve leaflets showed thickening and promi- 
nent interchordal hooding. The mitral chordae tendineae 
were short, thick and fused and the papillary muscles were 
also short and thick. This pronounced deformity of the mi- 
tral valve served as a potential source of valvular incompe- 
tence. 

Supportive evidence for the presence of mitral insuffi- 
ciency was present in Patient 1. In this patient the anterior 
leaflet of the mitral valve was prolapsed and the adjacent 
atrial endocardium showed the mild irregularity of a “jet 
lesion.” Although the aortic cusps were prominently thick- 
ened and rigid, there was no evidence of aortic insufficien- 














FIGURE 2. Cardiac specimens from Patients 1 (A) and 2 
(B). The left ventricular myocardium is thickened and the 
endocardium shows sclerosis. The papillary muscles are 
short and thick; the mitral leaflets are thick and show 
hoodinc; the mitral chordae tendineae are short, thick and 
fused. The atría are enlarged and show endocardial thick- 
ening. 
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TABLE H 
Concentrations of Neutral Glycosphingolipids in the ۴ 


from Homozygotes with Sandhoff's Disease and 
Normal Control Subjects 








Fri- 
Globo- hexosy! Lactosyi  Glucosy| Hemato- 











Source side Ceramide Ceramide Ceramide 8 
Homozygotes 
Patient 1 451. 55 58 36 51 
Patient 2 196 73 50 3l 63 
Normal infant mean 65 61 48 41 52 
and range 52-71 42-69 31-55 30-63 46-67 
(no. = 3) | 





* Left ventricle used for analysis; all values are expressed 
as nanomoles/g wet weight. 


cy. The coronary arteries were small and showed areas of 
luminal narrowing. 


Light Microscopic Findings 


The results of light microscopic examination were simi- 
lar in both patients. The valves were thickened by the pres- 
ence of nonspecific fibrous and myxoid tissue. These 
changes were most prominent in the mitral and aortic 


valves. No accumulation of lipid material or storage cells 


within the valve substance was visible. ۱ ۱ 

The coronary arteries showed focal or segmental areas of 
luminal narrowing due to intimal proliferation of fibro- 
blasts immersed in a foamy fibrocollagenous background. 
Portions of this proliferating fibrous tissue showed micro 
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FIGURE 3. Patient 2. Section of the epicardium showing the nerve 
trunks (between arrows) composed of prominent cells with foamy 
granular cytoplasm. 


foci of basophilic degeneration similar to an early cystic 
medial necrosis. Weigert stains of the intimal proliferation 
demonstrated a dense concentration of short elastic fibers 
arranged in a disorganized pattern. Histochemical stains 
did not indicate specific abnormalities of the myocardium. 
The neural elements localized in the epicardium, partic- 


ularly the small ganglia, contained prominent enlarged. 


cells with foamy granular cytoplasm (Fig. 3). Basophilic 


86 July 1974 The American Journal of CARDIOLOGY Volume 34 


granules were denser when observed in a perinuclear pat- 
tern. Occasional large foamy cells were noted within small 
epicardial nerve trunks. Such "storage cells" differentiated 
these hearts from others with idiopathic endocardial fi- 
broelastosis. Routine histochemical studies did not reveal 
lipid material in the neural elements; however, glyco- 
sphingolipid accumulation can be difficult to observe in 
formalin-fixed tissue. 


Ultrastructural Findings 


The electron microscopic findings of the hearts from 
both patients with Sandhoff's disease demonstrated similar 
changes. The photomicrographs from Patient 2 are repre- 
sentative of these changes and include specimens from the 
mitral valve, endocardium and myocardium obtained with- 
in 1 hour after death. Each cell type studied, including 
nerves and vascular endothelium, contained material 
stored within single membrane-lined structures presumed 
to be lysosomes. 

The architecture of both the mitral valve and endocar- 
dium had similar alterations. Figure 4 shows a typical cell 
in the mitral valve containing an accumulation of laminat- 
ed lipid material within single membrane-lined structures. 
This stored lipid closely resembled the membranous cyto- 
plasmic bodies described in the liver and brain of patients 
with Tay-Sachs disease. Other lysosome-like structures 
contained a more granular material (Fig. 4) resembling the 
ultrastructural features of the stored material in the viscera 
of the various mucopolysaccharidoses. The other organelles 
within these cells were normal except for occasional dila- 
tion of the rough endoplasmic reticulum in fibroblasts. Col- 
lagen and elastic fibers were found around these cells. 

The mitral valve and endocardium were composed pre- 
dominantly of collagen and elastic fibers (Fig. 5). These 


FIGURE 4. Patient 2. Electron photomicrograph 
of mitral valve specimen. The most striking ab- 
normality of this cell is the presence of the lami- 
nated structures within single membrane-lined 
organelles (MCB). Similar organelles (PM) con- 
tain amorphous particulate material rather than 
lipid structures. The other organeiles of this cell 
are normal and include rough endoplasmic re- 
ticulum (RER), Goigi apparatus (GA), mitochon- 
dria (M) and nucleus (N). Collagen (C) and elas- 
tic fibers (EF) are present around the cell. Spec- 
imen, X31,700, reduced by 38 percent. 








elastic fibers, with filaments extruding the entire length, 
were composed of a punctate amorphous material] inter- 
spersed with fibrils. A fibrocyte containing the accumula- 
tion of various forms of lipid material was seen (Fig. 5). 


Discussion 


The enzymatic activity of total hexosaminidase (A 
and B) is deficient in Sandhoff’s disease. As a result, 
the precursor glycosphingolipid Gye ganglioside, its 
asialo derivative (N-acetyl-galactosaminyl-galacto- 
syl-glucosyl-ceramide) and globoside (N-acetyl-ga- 
lactosaminyl - galactosyl - galactosyl- glucosyl -ceram- 
ide) accumulate in neural and visceral tissue.? 6 

Although accumulation of the glycosphingolipids 
in the heart would be anticipated because of the dis- 
tribution of the enzymes, cardiac involvement has 
not been reported in other patients with Sandhoff's 
disease. Both of our patients showed evidence of car- 
diac disease, and Patient 1 presented initially be- 
cause of cardiac findings. . 

Cardiac structural changes: In both patients 
gross anatomic changes were found in the heart. Al- 
though the tricuspid and pulmonary valves were ab- 
normal, the major cardiac abnormalities were related 
to the mitral valve and left ventricle. The entire mi- 
tral valve apparatus was abnormal, with changes that 


could lead to mitral regurgitation. The left ventricu- - 


lar papillary muscles were shortened and hypertro- 
phied and chordae tendineae were shortened and 
thickened. As a result, the anterior mitral valve leaf- 
let movement was restricted and the valve remained 


FIGURE 5. Patient 2. Electron micrograph of 
mitral valve specimen. The architecture of this 
specimen is predominately collagen (C) and 
elastic fibers (EF); the elastic fibers are com- 
posed of a punctate amorphous material (AM) 
interspersed with fibrils (FI). Filaments (F) move 
from the elastic fibers to a close relation with 
the collagen. A fibrocyte (FC) seen in the lower 
right corner is altered by a number of organ- 
elles, including membranous cytoplasmic bodies 
(MCB) containing lipid. Specimen, X22,000, re- 
duced by 38 percent. 





HEART IN SANDHOFF'S DISEASE—BLIEDEN ET AL. — 
open during systole. Both leaflets of the mitral valve - 
were thickened and showed prominent intrachordal - 
hooding. Intrachordal hooding could also result in 
mitral regurgitation and is found in other metabolic 
diseases affecting the heart, such as mucopolysac- 
charidoses.’ 

The anatomic changes in the myocardium and val- 
vular tissues were probably associated with the meta- 
bolic disorder. Biochemical studies of the myocar- 
dium showed that increased amounts of globoside ac- 
cumulated because of the deficient cardiac hexosami- 
nidase activities (Table I). On ultrastructural exami- 
nation, abnormal lipid was seen in the myocardium 
and the valves. ۱ 

Clinical cardiac features: The clinical and labo- 
ratory data corresponded with the anatomic features |. 
of the heart. As expected, the thoracic roentgeno- ` 
grams revealed cardiomegaly, and the electrocardio- . 
grams disclosed left ventricular hypertrophy. Both - 
patients had an enlarged left ventricle and thickened _ 
myocardium. In Patient 1 mitral regurgitation was _ 
evident clinically and was demonstrated angiographi- < 
cally. The combination of valvular insufficiency and  - 
myocardial disease is believed to have caused the 
congestive heart failure which was a prominent fea- 
ture of the initial presentation of Patient 1. In Pa- 
tient 2, cardiac symptoms were not present despite 
the changes in the valves and myocardium. | 

Ultrastructural features: One of the striking fea- 
tures in our patients was the endocardial fibroelas- 
tosis of the left atrial and left ventricular chambers. 
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The lh white ی‎ in each chamber 
. showed proliferation of. elastic and fibrous tissue. 
Both. chambers. were. -dilated; the left ventricular 
myocardium. was hypertrophied as in endocardial fi- 
roelastosis or other cardiomyopathies. With the ex- 



















bout the ultrastructure of the elastic tissue of endo- 
cardial fibroelastosis. That case showed an increase 
in the number of elastic fibers having very few pe- 


a fibrous component and progresses with age to the 
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eption of one case,? little information is available — 


ripheral microfibrils. Recent studies? of the normal 
fetus have demonstrated that elastic tissue begins as 


accumulation of an amorphous material within the fi- 
brous matrix. Mature elastic tissue appears to be- 
come devoid of the fibrous component. Because ۶ 
differences i in methods of fixation we cannot compare — 
our findings with previously published data about 
elastic fibers. By our methods, however, fibrils were - 
ble in. 1 the. asa oon of. both. ۸ 


lished. by the finding of globoside i in the u 


croscopic findings of the heart in. Sandhoff's disease. | 
5 ment!? or the measurement of. globoside or hexosami- 


are identical to the pathologic findings of Hurler's 
syndrome. Frequently, i in Hurler’s syndrome, the mi- 


idase activity in an exceptional case of Tay-Sachs disease with 
additional storage of kidney globoside in visceral organs. Life ۱ 


‘ Sandhoff K: Variation | of beta-N-acetyhexosaminidase-pattern 





tral valve shows و‎ chordae 1 hood- 
ing of valve leaflets, and thickening of the free edge 
of the mitral valve. We were unable to differentiate 


-the two diseases by the usual postmortem studies and 


relied on biochemical and ultrastructural differences 
to make the final determination. In patients with | 
Sandhoff's disease, it is possible that the deficient. 
hexosaminidase enzymes cannot hydrolyze N-acetyl. 
galactosaminyl residues from glycosylated substances 
such as. glycoproteins | and mucopolysaccharides. 


These substances. may. subsequently. accumulate in 


cardiac tissues, leading to the valvular abnormalities | 
resembling Hurler's syndrome. - 

Sandhoff's disease should be added to êi increas- 
ing list of. recognizable and distinct forms of cardio- 
myopathy. It must be considered in the differential 
diagnosis of infants having cardiomegaly, with or 
without mitral insufficiency. This would include such _ 
conditions as endocardial fibroelastosis, anomalous 
left coronary artery, glycogen Storage disease and 
myocarditis, Sandhoff's disease can be distinguished 
from these other conditions by central nervous sys- 
tem symptoms and the presence of cherry. red macu- 
lae. The diagnosis of Sandhoff's disease. can be estab- 





nidase activity in plasma or other tissues. 
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| Cardiovascular Disease in Children 
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number of cases and in 1971. encouragement and approval was ob-- 
tained from the Association of European Paediatric. Cardiologists. 


` The results form the basis of this report and were presented at the. 

| 11th annual general meeting of the European Association. of Paedia- m 
tric Cardiologists ز‎ in Rhodes, Greece, May 1 to 5, 1973. The. purpose of e 

` ` the study was to determine the types. of cardiovascular disease: in 
children at risk, the circumstances at the time of sudden unexpected 
death, and the possibilities of prevention. En 
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medical deaths), and (2) 40 patients with previous cardio: 
vascular surgery whose sudden death occurred without 
. relation to, and in spite of, the surgical. treatment (Group 
~- B). The latter group consisted of 30 patients who under- 
. went closed heart. procedures and 10 patients who under- 
e went open heart procedures without surgical complications 
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| Proof of Diagnosis | 


Fifty-seven percent of. the patients had postmortem ex- 
aminations. "The diagnosis rested on clinical findings alone 
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In 28 cases (Goi C) late postoperative death: ap- | 
peared to be causally related to surgery (Table VI). ۰ 
All except one patient with tricuspid atresia (Bla- | 


Tock- Taussig shunt) had previous open heart surgery . 
generally aimed at correction, such as closure of ven- - 


tricular or atrial septal defect, Mustard procedure, — 
correction of tetralogy of Fallot, resection of subval- 
vular aortic stenosis or mitral valve replacement with — 
bovine heterograft. With the exception of three pa- - 


tients, one with Eisenmenger's syndrome secondary. E 








































i Deaths in Group c (late postoperative sudden death 
Probably | related to the surgical procedure) 








Cardiac Surgical 
Procedures (no.) 





E Patients Closed Open 
۱ Diagnosis (no) Heart Heart 


1 
ra d 


Ventricular septal defect 








| 1 | 335 2 
Transposition of great arteries 6 1 6 
Tetralogy : of Fallot | LE 4 
trial septal defect 3 3 
Aortic stenosis E s 2 
Tricuspid atresia E 4 1 pes 
Mu: stenosis "EE: 1 
Total 28 2 28 
TABLE vi | | 
r ij êne of of Sudden Death i in 1 Different Age Groups 
: موی‎ of diagnostic class) ۱ 
Aie Time of Death (yr) 
Diagnosis ۱ 15 1-10 10-21 
“Predominantly early age at death 2 
Endocardial fibroelastosis - 640, 75% 25% 
. Cyanotic with pulmonary stenosis 55% — 7495 26% 
Myocarditis 50% 70% 3096 


Congenital complete atrioventricular 25% 75060 2% 
block EE | ۱ 


2 No predominant age at death m p 
^ Primary pulmonary hypertension 5095, 50% 50% . 
Eisenmenger's syndrome | 23% 46% 4% 


Predominantly late age at death er " 
. Miscellaneous . 2695 . 38%. 6290 
` Aortic stenosis . 2013 29% 71% 
` Nonobstructive —€€— TA 17% 2595 7596 
` ‘Obstructive cardiomyopathy  - 095 24% 76% 





TABLE vil 


Activity at Time of Onset of Ter minal l Episode i in Ail 254 child ren 
Groups A, B and e 





E P ben. _ Patient 2 
e BE ME ` ûf Those 
1 E. ۱ with Known 
۰ B no. Activity 
` Sleep . 34 16 
^. Rest 88 - 42 
Play | ^ 6 32 
` Sports 20 —— 10 
Totals ۱ 5 
Activity Known — | . 209 100 
Activity not known 45 
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to the production of a large Blalock- یا‎ shunt 
one with a silk embolus in the left coronary artery 
and one with apparent rupture of a bovine mitral 
valve heterograft, all these deaths were ê probably due 
to arrhythmia. B LE. 


Clinical Analysis of Cases of Sudden Death 


Diagnostic classification: Classification of the 
various types of heart conditions was based on simi- 
larities of physiology, probable. mode of death and 
conventional usage. The diagnostic classification of 
33 patients with aortic stenosis (Table Il) included 16 


patients with valvular stenosis, 3 with discrete sub- 


valvular stenosis, 3 with supravalvular. stenosis and 
li in whom the exact. site of obstruction was not 


with e of the pon dene 2 witht 
ventricular canal, 1 with secundum atrial septal de- 


` fect and 1 with corrected transposition with ventricu- 


lar septal defect. E 
The group of 20 patients: with cyanotic congenital 


heart disease and pulmonary stenosis or atresia. in- 


cluded 11 with tetralogy of Fallot, 3 with. pulmonary 
atresia and intact ventricular septum, 2 with double 
outlet right ventricle, 2 with tricuspid. atresia and 2 
with transposition of the great arteries and pulmo- 
nary stenosis. 

The 17 patients with Sbai cardiomyopathy 
appeared to be a uniform group. The group of 12 pa- 


tients with nonobstructive cardiomyopathy may have 
been a mixed group since it included all patients. with | 
an enlarged hypertrophic heart without evidence of 


inflammation, endocardial fibroelastosis or outflow . 
tract obstruction. ee 
Age at death: Although. more deaths occurred 
during the second decade of life than during the first, 
there was a wide variation in age within each diag- 


` nostic category. However, there was a clear tendency 


in certain conditions for. death to occur in younger or 
older patients (Table VII). - 

'The four heart conditions favoring adden death at 
an early age were endocardial fibroelastosis, cyanotic 
heart disease with. pulmonary stenosis, myocarditis 
and congenital complete atrioventricular block. More 
than half of the patie } ; with these lesions died dur- 





ing the first 5 years of life and three fourths died dur- 


ing the first decade. - ۱ 

Patients with primary pulmonary: hypertension 
and Eisenmenger’s syndrome showed an equal age 
distribution through both. decades at time of death. 
In contrast, however, were patients with. aortic steno- 
sis, nonobstructive. cardiomyopathy and obstructive 
cardiomyopathy. Only one fourth died in the first 
decade and three fourths died. after. the age of 10 
years. 

Family history: Among the: 254 patiente in this 
cooperative study, there were 21 whose heart condi- 


tion was familial and 17 in this group had hypertro- 


phic obstructive ا‎ paei In 11 of these 17 









` siblings or parents and usually among other relatives. 
. In addition, there was a familial history of sudden 
unexpected death in 5 of these 11 families. 
|. The other conditions manifesting a history of fa- 
.  milial involvement were: valvular aortic stenosis (3 
patients), supravalvular aortic stenosis (2), nonob- 
structive cardiomyopathy (2), Marfan's disease (1), 
congenital heart block (1) and tetralogy of Fallot (1). 
Physical activity at time. of. onset of terminal 
episode: The activity the child s was engaged in at the 
time he lost consciousness was. believed to be of spe- 
. cial interest (Table VIII). Fifty-eight percent of the 


T patients were sleeping or at rest (lying, sitting or- 
standing). There was a wide variation in the degree of 


Bee physical activity performed by the 32 percent of pa- 


Drs "Ments reported to be at Play: Some were walking, 












۱ 7 1 gaged i in were: sports; half of these bad left Ventficus 


cardiomyopathy and five with aortic stenosis). 

The questionnaire requested information about 
welation of the terminal episode to emotional distur- 
. bance. There was no known relation in any case. 
^. Duration of terminal episode: "The period be- 


ath was less than an hour (usually. instantaneous) 
in 73 percent of all patients. This finding was partic- 
arly characteristic of the children with all forms of 
rtie stenosis. (82 percent) and obstructive cardio- 
myopathy (88 percent), slightly less so for those with 
== -complete heart block (63 percent). Sudden collapse 
` ` and death was less common in patients with ی‎ 
endocardial fibroelastosis (42 percent). 

Degree to which death was. unexpected: Tt is 
obvious that there is a wide range in the. degree to 
which death may be labeled unexpected. In the non- 
surgically treated patients (Group A), death was least 
expected in the children without previously. known 
heart disease (5 percent). Because cases were ob- 








yocarditis, three had obstructive cardiomyopathy 


` circumflex coronary artery. 


At the other extreme were ihe 42 percent. of pa- | 


tients in Group A with. symptoms such as easy fatiga- 
bility or dyspnea on exertion or warning signs such as 
syncope and arrhythmia. However, the frequency of 
syncope (16 percent) and arrhythmia. (14. percent) 
was low in this group. 


Discussion 


Risk of Sudden Death 


In contrast with adult cardiac patients? in whom 
.. sudden death is common and largely due to a few 
« causes, sudden death from cardiovascular disease in 
NET children is rare and due to many causes. Almost all of 
> — the 33 conditions reported here have been docu- 








cases, there was a history of the same defect among 


۱ - lar outflow tract obstruction (five with obstructive 


ween the onset of acute signs or symptoms and | 


tained exclusively from cardiac centers, this group _ 
may be artificially small. Of the eight patients whose 
heart condition was not known previously, four had. 


and one had calcification and thrombosis of the left - 
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mented previously. Two well known but rare cont 
tions were not found—atherosclerotic coronary ar 
tery disease and the Jervell, Lange-Nielsen syn- 
drome’ of deafness (or without deafness?6), syncope- 
and prolongation of the Q-T interval. Atherosclerotic. 
coronary artery disease, while rare, is well recognized - 
in pediatric patients, occurring both in patients with. 
progeria and in those with familial beta hyperlipo- 
proteinemia and even in teenagers without either of 
these conditions.” Further, it is known that these pa- 
tients may die suddenly although there are very few- 
reports in this age group. Two very rare. reported - 
. causes were not found in this series—rupture of the 
aorta in the presence of coarctation? and familial 
` sudden death associated with anomalies of the His. 
bundle and. hypoplasia of the right bundle branch as 
described by Green et al.? - - 
` Reports of the relative. frequency of the: causes of 
` sudden death from heart disease in children are few - 
and limited to small series. Many authors!9-19 have 
noted a relatively high incidence of sudden death. ine 
aortic stenosis. However, there is no agreement con: | 
cerning | the. ranking of the other causes. Sudde: : 
death is often reported in Eisenmenger's syndrome, - 
myocarditis, congenital complete heart block, pri 
mary endocardial fibroelastosis, hypertrophic cardio- E 
myopathy and anomalies of the coronary arteries. It - 
is surprising that cyanotic congenital heart disease 
with pulmonary stenosis or atresia is so seldom men- 
tioned in this context. It was the third most common - 
. cause in the present series. Clinically, it is well kno 
that children with this condition frequently die i n 
hypoxic spell. i ۱ 
` This cooperative study appears to. establish: bette 
than any previous data the relative frequency. of th 
various causes of sudden unexpected death amon 
children with known heart disease in Western Eu- 
` rope, Central A merica and North America. The data. 
` probably hold true for the congenital anomalies on à " 
worldwide basis. Information on the absolute fre : 
۱ quency of sudden death among the various condi- 
tions is still needed to permit estimation of the risk 
for an individual patient. However, present. knowl 
edge of the absolute frequency of the various cardio- . 
vascular anomalies mitigates this lack. E 
Thornbach and Fowler! in their report on children 
with congenital heart disease found in a total of- 
-18,000 patients, 33. who died suddenly (30 of these - 
` patients are included in the present study). Only 9 of © 
their patients with aortic stenosis (1 percent) died - 
suddenly, although this was the most common condi- | 
tion both in their subset and in the present coopera- 
tive study. However, with. respect to aortic stenosis, - 
overall figures are misleading because of the wide ` 
variation in severity of the left ventricular outflow 
obstruction. All of the patients with this condition in . 
the present study had evidence of severe obstruction — 
in the form of so-called left ventricular strain pattern . 
in the electrocardiogram or the symptom of angina or | 
syncope. Obviously, patients with severe aortic steno- 
sis are the ones at risk. 1 
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| “TABLE Ix 


Mode of Death in Group C (late. ss sudden death 
ay related to the = دوه‎ Procedure) 


Patients 


(no) 


'ersistent PRISE since e bypass s sutgery ۱ 11 ۱ 

omplete atrioventricular block | 8 
jal flutter gs m 

trial tachycardia with block - CE (203 

e arrhythmia after. bypass. surgery | dois 5 ۱ 

ori plete atrioventricular block ۱ 5 "s 3 

‘trial flutter — CAE CERAM 1 

“Junctional rhythm 5 <=. 1 

Not known (? Adams-Stokes) ` 9 

senmenger's syndrome induced by large i 

~~ Blalock-Taussig shunt. ۱ 

Ruptured bovine mitral. valve - 

ilk embolus i in coronaty artery 

٤ Total. | 


OO M 





'ossible. Modes of Sudden Death i in Al 254 Patients. EL 
e cups A, B and o aS 





| iren 
20 (n0) 


_ Arrhythmia ۱ PENIS 

` Medical po 08 us 0 4€M 
Surgical ME 09 7 26. 
` Hypoxia Rs | | 69 
Eisenmenger's. syndrome | z E 37 
with ۱ ale stenosis uus OO RAT 





i Fulminating heart failure - : 
: Silk embolus in ی‎ artery is T 
ae known ae ut 


tain pith ای‎ cardiomyop- 


ret a common cause of sudden death. ^ l'hornbach and 





n this group is clearly very high. 


nary vascular obstructive disease associated with a 
communication between the systemic and pulmonary 


dying suddenly, particularly i in the second decade as 
-compared with the first. In the Toronto study, 7.5 
- percent of patients with this syndrome died sudden- 


E Mode of Death 


-cope from which. the patient does not ۲ 





`. known arrhythmia. ' 


Fowler! found that 17 percent of a total of 30 chil. 
dren with this condition had died suddenly. The risk — 


Patients with Eisenmenger's syndrome (pulmo- - 


circuits) appear to have a moderately high risk of | 


: Sudden unexpected destin may be regarded as syn- 





The mode of death may be considered: a mechanism 


that precipitates unconsciousness. of. the. patients. 
The mode of death, for instance, in the 28 patients of 
Group C seems to be known best (Table IX). All but. 





. three patients probably died from arrhythmia. There. 
was no reason from the clinical course to postulate . ۱ 


any other mode of death than arrhythmia in the 16 


patients who had this disturbance immediately or. o5 
۱ long after operation. — x 


"The nine patients whose mode of death i is Aiea as ; E 


‘not’ known were children who had successful correc- 


tive surgery but. died. instantaneously months. or. 
years. after operation without warning symptoms. or 
The deaths occurred 4 months to 
5 years (average 2. 9 years) postoperatively. In eight 
of the patients complete right bundle branch block 
had developed immediately after operation. One pa- 





. tient without known right. bundle branch block had a 
` Mustard operation for correction. of transposition. of 
the great. arteries. No left anterior hemiblock was te- | 


ported in these nine patients. In view of the well doc- 
umented occurrence of late postoperative arrhyth- 
mia,!9-?! - particularly complete. heart block, after. 
open heart surgery, it appears quite possible that 


| most if not all of these deaths were due to Adams- - 
` Stokes. attacks. These nine patients had correction 


for the following defects: ventricular septal defect (4 
patients), tetralogy of Fallot o and transposition of 
the great arteries (2). : | 
Arrhythmia: Table X goede a speculative. 
breakdown of deaths according to assumed mecha- 
nisms in all study patients. (Groups A, B and C). Pa-- 
tients who had a known serious arrhythmia are clas- - 


. sified under arrhythmia (that is, Adams-Stokes at- - 
tacks due to asystole or ventricular fibrillation). Also“ 
‘included in this group are the nine late postoperative. 
deaths following bypass surgery whose cause was list- 


ed as not known in Table IX. The justification for 


(o this assumption is given in the preceding paragraph. 


` Hypoxia: The deaths listed as hypoxic occurred in 


۱ ` the patients with cyanotic’: heart disease. Arrhythmia 
` is known to be exceptional in such children. Syn- 


cope is characteristic. Further, it is well known clini- 


cally that an unconscious child with a syncopal at- 
4 Dtains wi ` tack due to tetralogy of Fallot has sinus tachycardia | 
thy. This is a relatively rare condition in children, | 


and not an arrhythmia. ‘The loss of consciousness 


| leading to i is assumed to be e to cere- 





ehun of. venous i bios xd | of low oxygen content inte the e 
aorta." The increase in the shunt is probably due to- 
a reduction in systemic pressure in the presence ofa 
fixed or increased obstruction of blood flow into or 
through the lungs. ۱ 

Coronary insufficiency: The group dad as be- 
coming unconscious because of coronary insufficiency - 
includes the patients with left ventricular outflow 
tract obstruction: those with aortic stenosis and ob- - 
structive cardiomyopathy. | It is apparent that ar- 


 rhythmia was exceptional among them. Schwartz et 


al? demonstrated in a small group of adults with 
aortic stenosis that, during. the first stage of a synco- 
pal attack, arrhythmia is not present but there is a 















=> decrease in blood pressure and an increase in sinus - 


` rate. These authors and Shillingford!? assume that 
` the syncope results from diminished coronary arterial 
- flow with functional coronary insufficiency after a re- 
duction | in cardiac output and systemic blood pres- 





"The aher modes of death are self- evident. Hem- 
^. orrhage was „the cause in the instances of ruptured 
- aneurysm in children with Marfan's disease. Stroke 


. . occurred years later in two patients with successfully — 

relief of hyper- — 
berry aneurysm. 
ts died with the 








— - resected coarctation of the aorta < 
^. tension. In one patient, a. ruptu 

-was found at autopsy. Two patien 
cal findings of fulminating cart failure; one had 





























edema, and the second. had : acute rheumatic car- 
and fulminating heart failure. Cou 


ssibilities of Prevention - 






tients) indicates 


rare cases. However, prevention ds possible i in many. 
۱6 lack of warning syncope. or arrhythmia in the 








ylactic i measures. 


move the hazard of sudden death in most children 





ge connection between the pulmonary and the sys- 


ion of the great arteries performed in infancy may 


. prevent the development of Eisenmenger’s syn- 
drome. Closure of the ventricular septal defect and- 





relief of pulmonary stenosis has proved effective i in 
most children with tetralogy of Fallot. 

When these procedures are not feasible, the crea- 
tion of a shunt (Blalock-Ts 












ctive cardiomyopathy has fol 








` children with complete heart block whether congeni- 


tal or resulting from. surgery. Palliative: surgery has . 


been effective in some cases of Ebstein's malforma- 
tion of the tricuspid valve. by replacing the valve and 
۱ reducing the size of the right atrium. 

Many of the less common causes of ی‎ death 
hone proved amenable to. surgical correction or pal- 
liation: anomalies of the coronary arteries, aneurysm 
of the aorta in Marfan’s disease, total anomalous pul- 
monary venous return, aortic regurgitation, pulmo- 


nary stenosis, mitral stenosis, cardiac tumors and the 


. . Wolff-Parkinson-White syndrome. 

. "Medical measures: Medical treatment includes 
che use of antiarrhythmic agents, propranolol or mor- 
 phine for hypoxic spells, vaccines and antibiotic 
-agents for endocarditis and myocarditis. _ 












onset. of the terminal cee is of Special interea 


the fact that half 


tivities. The data ی ی‎ that " pitienta, xo ia m 
forms of ved unlimited or ور ی‎ heart disease uen 


ssi | : M UNE ` tion of these cee en is not E 
_ The short duration of. the terminal bi ess. A 


hat. treatment is unlikely to be effective. except in 


ority of patients is discouraging but, when these mE PUn d 5 
mptoms occur, they often indicate the need for Baltimore, Maryland 5 
urgical measures: Palliative : surgery appears to 
th evidence of severe aortic stenosis. Closure of a- 


lemic circuits or a Mustard. operation for transposi- 


aussig or Waterston) or the 

. . new Rastelli24 operation may prevent death for many - 
8 . years in patients with this and other cyanotic condi- - 
tions with pulmonary stenosis or atresia. Relief of... 
ptoms and syncopal. attacks. in patients with ob-. 
ved. surgical cor- 


Ohio‏ ای 
Dundee, Scotland — : ۱‏ ۱ 


event Adams-Stokes attacks and prolong life in — Hamburg, Germany E 
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» 


The physical activity of the child at the. time 


aren with heart disease are ا‎ jon gymnasti 
activities and strenuous competitive sports. Thai 
most (58 percent) of the children were sleeping or a 
rest (lying, standing, sitting) during the terminal epi: 
sode clearly indicates that avoidance of strenuous ac- 

tivity seldom prevents this catastrophe. By contrast, 
of. the dicil who died Medie ار‎ 
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| brain abscess in n patients with h congenital h heart disease. ۱ 


i “Serious | nervous system complications resulting Rom n c 
. genital heart disease not treated by gurge 
E rd and intracranial suppuration." “8 Although 


* was pot until 1880 that Ballet : postu 
Jen dag the two baie aie ^e pite this early insight, t the 3 


. . Address for reprints: ‘Charles: A. Fischbein, mE 
:| MD, Department. of. Cardiology, The Children' $ 9 
- Hospital Medical Center, 300 Longwood Ave., „` ered. Cardiac diagnosis was confirmed by cardiac catheterization « 


or both, in all but one case. Ther mean interval from cardiac catheterization to E 










ry include ۰ cerebral 


3 Alt 





ated Ko cause and effect l 






E i | فص رام‎ 1 in. patients with 
d codem between 1946 and 
gery and seven survive | wi 

`` condition between 3960 and 913 with. particular emphasis. on the | 
risk factors for brain. abscess in patente with congenital heart. i 5 
ease. "au ] No 






reviews our r experience wi 


Materials and | Methods ۱ 


The diagnostic files of the record. room, the Department of Neurosurgery; | 
and the Department of Cardiology of The Children's Hospital Medical Cen- 


` ter, Boston, Mass., were searched and the records of patients with congenital P. 
heart disease and brain abscess seen between 1960 and 1973 were reviewed. ~ 
` Only patients with operative Or autopsy proof of brain abscess were consid- 2t 
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Bacteriologic Findings 


Patients‏ ا 
Organism Grown on 1 Culture (no.)‏ 





























"Alpha hemolytic PUN 
.Hemophilus aphrophilus — . 
Hemophitus parainfluenza - 

Alpha hemolytic streptococcus (anaerobic) 
. Bacteroides ee 

Streptococcus fecalis - ۱ 

.. Streptococcus fecalis (anaerobic) 

us Beta hemolytic streptococcus (a o. 
e ‘Staphylococcus aureus ` 

J| Hemophilus. influenzae 

. Coliform: 

Actinobacillus species 

Pseudomonas aeruginosa 

^ No growth 

No culture taken 

: -Multiple organisms | 
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TABLE I 
|. Follow-Up Data in 26 Patients — 


Patients 





cis 
هد | بو‎ 


o Patients who died 

` Survivors : 

| Complete recovery - 

Residual impairmeit : 

Seizures 
Paresis 
School problems 
Depression 
Headaches 
Decreased visual acuity 

“Lost to follow-up 





receded the brain abscess in 14 cases. 


ongenital heart disease were compared with those of a 


ents ` with a blood oxygen saturation level of less than 94 
ercent ۲ who had undergone cardiac catheterization at the 
ame age and in the same year as the subjects under study. 


ed were selected from the group of patients catheterized 
he year preceding the particular admission for brain ab- 
cess. The age of the control patients ranged from 2 to 30 


(22 percent), 9 with ventricular septal defect (15 percent) 
and 11 with various. other lesions (20 percent). Laboratory 
studies used for comparison included determinations of ar- 
terial blood oxygen content and percent of saturation, he- 
— —moglobin and hematocrit. The blood oxygen data were ob- 
~~. tained from the cardiac catheterization closest in time to 


inigsion: for brain abscess was 2.3 years. Catheterization 
The laboratory data of patients with brain abscess and ۱ 


ontrol group of 58 patients with congenital heart. disease. 
ut no brain abscess. The. control. group consisted of pa- 


‘he control pairs for the patients who were not catheter- - 


years. There were 25 patients with tetralogy of Fallot (43 
percent), 13 with dextrotransposition of the great arteries. 


the admission for brain abscess. All other data were ob- 
tained from the admission for abscess. 


Results 


Clinical observations: Twenty- six patients with 
congenital heart disease and brain abscess were hos- 
pitalized during this study - period. The patients 
ranged in age from 3 3/12 years to 31 years (mean 9 
4/12 years). There was an equal number of male and. 
female subjects. Seven patients (27 percent) had evi- 
dence of infection within a month before their admis- - 
sion for brain abscess: otitis media and pharyngitis in _ 
one, otitis media i in two, pharyngitis i in two, "influen-- 
za syndrome” in one and a toothache with facial 
swelling in one. The mean interval from the initial 
symptoms due to brain abscess to hospitalization was 
13 days (range 1 to 69 days). The distribution of 


brain abscess cases did not show a significant season- 


al variation. 
Twenty-one balin had a alu ۱ and. 
five had multiple abscesses. Of the 1 solitary ab- 
scesses, 8 were in the left: hemisphere (frontal in 1, 
temporal- parietal i in 1, parietal in 4, frontal- parietal ۱ 
in 2); 11 were in the. right hemisphere. (frontal in 5, 
temporal in 2, temporal- -parietal in 1, parietal in 2 yo 
occipital in 1); 1 was in the basal ganglia; and 1 wasin 
the brain stem. Brain abscesses were found ipsilateral z 
to the aortic arch in 11 patients (48 percent) and on a 
the contralateral side i in.12 (52 percent). | 2 
One patient had two separate episodes of brain ab- | 
scess 3 1/2 years apart. in different locations and or- 
ganisms; for purposes of clarity only the first brain 
abscess was included in this study. | 
Bacteriologic studies: Aspiration of the abscess. 
was accomplished either operatively or after death in 
25 patients, and microorganisms were grown on cul- 


` ture in 20 (83 percent). (Table I). Blood specimens for 


culture were drawn in all 26 patients; results were 
positive in 3, but an. identical organism was grown 


from blood and abscess i in only 1. 


Neurologic studies: The diagnostic workup of 
each patient was tailored to each specific neurologic 
problem. None of the studies were invariably diag- 


nostic, but a combination of brain scan, electroen- 
 cephalography and cerebral angiography was general- 


ly found to be most helpful i in supplementing the his- 
tory and. physical examination to define the lesion. 


Skull X-ray films showed evidence of sinusitis in. 
three patients and of increased. intracranial pressure ۱ 
in two. Of the 16 patients who had lumbar puncture, 
those who lived had a mean opening pressure of 0 


em H 20 (range 80 to 205) and those who died had a 


. mean opening pressure of 276 cm 'H30 (range 200 to 
420) (P = 0.03). Lumbar puncture appeared to De ۱ 


cipitate the death of one patient. 3 
Treatment and course: Of the 26 patients i in the ; 


study, 16 (62 percent) survived. Eleven (69 percent) 


of these were treated with burr hole aspiration only, 
and five (31 percent) by. aspiration followed by exci- 


. Sion. None of the patients had excision without previ- 
|^. ous aspiration. In addition to surgical therapy all pa- 


tients were treated with appropriate combinations of 
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‘intravenously o penicillin, E 5 ` TABLE IH 
col, ampicillin, and oxacillin in meningitic doses. ۱ 
- Fifteen of the 16 survivors were followed up for 6 

months to 10 years after the admission for brain ab- - 
.scess (average 3.5 years). Eight (54 percent) have re- ۱ " o تشر‎ 
covered completely, and seven (46 percent) have ~ #2 4. $9* eg 24 x with : 
: some type of residual. neurologie impairment x related 2" P d "E 1 ۱ oe Brain E pes Le 
to the abscess (Table II). Qo : dt meer EG -Abscess ud 


F requency of Brain Abscess 





| Patients (00). 








UE “Tricuspid atresia... 
guste outle e 
-ventricle | 










den cadis on a “tegini 
| ain be the sien 1 


i al was 2 perc erie 
period « o E Table pn lists the | 
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(mu were. alert, T Ei D 2 : ak a t ur. 
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cR dead b ze 1 year,’ and brain absces: |‏ = 


FIGURE. A.  Coimpéréon: of oxygen 
sati ration. and Content and: ^hemato- . 
values in: patients. with. brain ab- 
5 and control subjects. SaO = 

oxygen: saturation. . 
















rua Controls 
` Abscess - 








~~. dence of brain abscess in. patients with dextrotrans- 
`. position i of the great arteries would be closer to 2.0 
= = percent.“ 

vu Electrocardiographie « data: A 
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Wan sedi اس‎ E All patients had 
`. normal sinus rhythm: except for one patient with oc- 


` degree heart block after abscess aspiration.? No sig- 


wave height. 

— Arterial oxygen saturation and content, heiit 
toerit and hemoglobin: The mean arterial oxygen 
ituration in 22 patients with brain abscess was 74.7 


ian the mean of 85.5 percent (range 68.6 to 92.6 per- 


on, comparison of oxygen saturation levels in the 
patients with brain abscess who died and in those 
who survived revealed a significantly. lower value in 
the patients who died (P = 0.01). Mean oxygen satu- 
ration for the patients who recovered was 80.9 per- 
cent (range 60.8 to 89.0 percent), and for those who 
died 63. 9 percent (range ı 32t to 81 percent) (Fig. 2). 

tients ‘with brain abated ۲ were riot significantly dif. 
ferent from values in the control group (Fig. 1). How- 
ever, a comparison between the surviving and the de- 


mean of 19.0 volumes percent (range 14. A to 24.6 vol- 


42.0 to 77.0 percent) and in those who died 60 per- 
cent (range 39 to 74 percent) (P2023). . 


tients and showed a mean of 18.0 g/100 ml (range 
14.0 to 24.8 g/100 ml) in 
scess compared with a mean of 16.9 g/100 ml (range 
11.7 to 24.8 g/100 ml) in the control group (P = 0.2). 
There was no significant difference in the hemoglo- 





those who died. Mean corpuscular hemoglobin. con- 
centration in the patients with brain abscess was not 
significantly different from that in the control 
subjects. ۱ 


Discussion 
In a series of 75, 275. autopsies involving deaths 


— from all causes at the Mayo Clinic,’ the frequency of 
< brain abscess was 0.4 percent. According to Newton's 


| autopsy series, the postmortem incidence of hema- 
togenous brain abscess in congenital heart disease is 


- casional nodal escape beats and one who had second 


nificant changes were noted i in the ote interval or "T 


percent (range 32 to 89 percent), significantly lower 


nt) | for the control group (P <0.01) (Fig. 1). In addi- 


ceased. patients with brain abscess showed a mean 
oxygen content of 16.6 volumes percent (range 11.2 to ۱ 
20.9 volumes percent) for the deceased patients and a 


‘umes percent) for the survivors (P = 0.09) (Fig. 2). 
Mean hematocrit in 26 patients under study was 56 
percent (range 39 to FT percent) and in the control ۱ 
group 52 percent (range 37 to 78 percent) (P = 0.1) © 
(Fig. 1). The mean hematocrit in the patients with 

brain abscess who survived was 54 percent (range | 
`. Hemoglobin values were also assessed. in 26. pa- 


in the patients with brain ab- 


bin concentration of the patients who survived and. 


`. analysis of his own data and his review of previous - 





much higher, 4 to 6 percent. Our 2 percent overall 
rate of brain abscess in patients with cyanotic con- 
genital heart disease is in close agreement. with the 
clinical finding of 2.8 percent reported | by Clark! 
from The Johns Hopkins Hospital in 1966. ۱ ۱ 


Risk Factors 2 
The present study points to oxygen saturation and 


oxygen content as major risk factors in the develop- 


ment and prognosis of brain abscess in. patients mu 
cyanotic congenital heart disease. ^ ^. | 

It has been suggested that two. condition ns ar 
essary for brain abscess formation: (1) intei 
bacteremia, and (2) focal encephalomal acia: 1] 1934 | 
Groff!? demonstrated. experimentally that. these two. 
conditions must be met simultaneously. He injected 
bacteria directly into the brains of cats and found no 
brain abscess formation unless preceding brain tissue 
injury had occurred. ——— 

Under normal circumstances hactéria. are intérinit- 
tently present in the venous blood. Because of a right 
to left intracardiac shunt, the patient with cyanotic 
congenital heart disease cannot take advantage ofthe 
normally effective phagocytic filtering action of the | 
pulmonary capillary bed and thus is a likely host for . 
brain abscess.!? Brain abscesses. may also form asa — 
result of direct extension from à. purulent otitis 
media, mastoiditis or sinusitis.!^!5 —— 

Focal. encephalomalacia is. enhanced by. hypoxia 
and decreased cerebral blood. flow. Patients with cya- 
notic congenital heart disease may therefore be sus- 
ceptible to focal encephalomalacia because of their 
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FIGURE 2 Comparison of oxygen saturation and content in survi- 
vors of brain abscess and. patients who died. SaO; = oxygen satura- 
tion. 
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severe hypoxemia and the increased viscosity associ- 


.. ated with polycythemia.!®!" In our patients with con- 


-genital heart disease and brain abscess the mean ar- 
terial oxygen saturation was significantly lower (P 


` «0.01) than that of a comparable control group (Fig. 


.. 1). It is noteworthy that all of our patients with a 


/. brain abscess had an oxygen saturation level below 90 
` percent and that the mean arterial | oxygen saturation - 
for those who survived was 17 percent. higher than ferential 
the mean for those who died. (P= 0.01) (Fig. 2). The . m "Tetralo: 
data with respect to oxygen content show a similar 
relation between survivors and. patients who died (P 
= 0.09) (Fig. 2). No patient died. who had an oxygen ` 
elu -saturation greater than 81 percent or an oxygen con- 
tent greater than 21 volumes percent. This finding. 
` suggests that the patients with reduced oxygen satu- 
». ration and content are at a greater risk of. dying if : 
TOUT they have a brain abscess. | : ۱ 


Blood viscosity has been meritiohed asa factor af- 


pare © fecting cerebral blood flow.!8 An increase in viscosity - 
© will result in decreased. blood flow, and relative hyp- 
— ..Oxia of brain tissue. may develop, thereby predispos- 
. ing that tissue to brain abscess formation in the pres- 
۱ ence of bacteremia. Although, blood Viscosity was not | 


" related to hemátocrit!*; our data. suggest a DU e $ 
mean hematocrit value for the patients with a brain _ 


abscess than for the control subjects (P = 0. 1) (Fig. 
1). High levels of hematocrit (increased blood viscosi- 
| ty) predispose to encephalomalacia i in a second Way 
by formation of arterial or venous: occlusions, as re- 
vealed in a large Mrs d series from The Johns Hop- 
kins Hospital. 1® | | 


Incidence and Bacteriology 
Symptoms and signs. of brain abscess in our pa- 


tients with congenital heart disease did not differ - 


from those reported. by others. 152021 The youngest 


۳ patient in our series was 3 3/12 years old. Younger _ 
-— .. patients (under age 2 years) have been described by | 
— Raimondi et al, Eberhard,?! and Hoffman et al. 
-= .However, an abscess i ina patient under age 2 years is 
^... = very rare for reasons. that. are not clear. Calkins and 

— Bell. have suggested that episodes of bacteremia are 
less common in infants than in children. Others | 


have attributed this age- -related phenomenon to the 
fact that the teeth act as a common source of bacter- 
emia, and patients in the younger age group do not 
have fully developed dentition. 

Alpha hemolytic streptococcus, either aerobic or 
anaerobic, was the most common microorganism iso- 


lated in our series (Table I) and in those. previously ۱ 


reported. 1 However, the second most common micro- 
organism encountered was Hemophilus aphrophilus, 
present in three patients (12 percent). To date there 


; latson- DD, Salam M: Brain abscess in congenital heart dis- 
ase. Pediatrics 27:772-780, 1961 

hornphutkul C, Rosenthal A, Nadas AS, et al: Cerebrovascu- 
accidents - in infants and children with cyanotic congenital 
heart t disease. Am J Cardiol 32:329-334, 1973 


are nine reported cases of this bacterium in bial 


| ` a 3 $ hich nl we patien n E a Good che ^d T of je : 
۱ patients, 69 percent), 1 The peo most t cop an car- 


a bios tetralog 
` number | 
| . aggressive use of palliative. surgery, which i is likely to. 
relieve or alleviate hypoxemia and cyanosis but not 


1 Clinical implica tions 
۱ patients witho t congenital heart. disease,2! “eyan otic 


correlate. vit 


| of jm te Piu "unc cyanotic ی‎ 
.. heart disease. on 


-and mortality 
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scesses, five in patients with congenital heart diseas 
30 In one of our patients an actinobacillus species was 
grown from the abscess. This microorganism ap- 
peared to be very much like Actinobacillus actinomy- 
cetemcomitans and, to our knowledge, has not pre- 
viously been reported in brain abscess. Unfortunate- 
ly, the original isolates were lost before the final dif- 
tiation could be made. ۱ 
of Pier d is. the most common 
















of Fallot. The apparent increase i in the 
es since this period: may be due to. more 


remove the hazard of brain abscess formation. 










Although. brain. abscesses have been departed | n 





congenital. heart disease remains the single. commo 
th, d. te à abscess formation us the child- 





with ۱ vorigsnital, heart disease l‏ باس بر 







ra Thus, to reduce: the XE Hbidity 
brain abscess, the predisposing car- 
diac lesions should be corrected at an early age. Com- 





ration and « 





plete surgical correction (not. palliation) before age 2 
years would almost eliminate brain abscess from the : 
— with h congenital heart disease. a 
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: sity Hospital on August 21 
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a the following: hE of the stodis 
۱ "UE "for parasites demonstrated Trichuris trichiura. -Hematocrit was 30 percent 
From the Cardiovascular Research ی‎ ` and the white blood cell count 14,500 mm? with 82 percent neutrophils (9 


Hospital Professor Edgard Santos, University of. percent band forms), 15 percent. lymphocytes, 3 percent monocytes. and no. 
Bahia School of Medicine, Bahia, Brazil. Manu- eosinophils. The erythrocyte sedimentation rate was 61 mm in 1 hour ) Win-- 
script accepted October 31, 1973. _.  - trobe). Serum protein was 5.9 g/100 ml (albumin 2.8 and globulin 3.1 g/100 - 











_* Research Assistant from the Conselho Na- — ml); alkaline phosphatase and serum glutamic oxeloacetic (SGOT) and pyru- 
۳ onal de desee eel Research Coun- . vic (SGPT) transaminase levels were normal. A tuberculin intradermal test- 

for reprints: “Armênia ‘Costa Gui- | was negative with an. original. tuberculin. concentration of 1:1,000. The el 0 
MD; Laboratorio de Hemodinamica,  trocardiogram showed. changes compatible with acute pericarditis (Fig. 1A). 
ofessor Edgard Santos, Salvador, The cardiac silhouette on the posteroanterior chest X-ray film. was اس‎ 


ane, E Brazil enlarged and had | a globular aspect (Fig. 2A). 
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FIGURE 1. Electrocardiograms. A, on first 
admission (August 21, 1970) showing S-T 
segment elevation in the limb and precordial 
leads, consistent with acute pericarditis. B, 
11 months later, at the chronic, constrictive 
stage of the disease, showing tall, peaked P 
waves in leads Ii, Ill and aVF. 





FIGURE. 2 Posteroanterior chest X- 
ray films. A, on admission (August 21, 
1970) showing severe enlargement 
and a globular aspect of the cardiac 
silhouette. B, after aspiration of peri- 
cardial fluid followed by injection of 
air, revealing a thick, shaggy pericar- 
dium; C, after the injection of 40 ml 
of 75 percent Hypaque into the peri- 
cardial cavity through a drain, demon- 
strating the communication between 
this cavity and an abscess (arrow) in 
the left lobe of the liver. D, 3 months 
later, exhibiting a normal cardiac sil- 
houette. 
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Because of recurrent signs of cardiac tamponade, peri- 
cardial aspiration was carried out on the Ist, 5th and 20th 
hospital days. 

The first pericardial aspiration yielded 200 ml of a red- 
dish-brown fluid, with the following characteristics: nega- 
tive Gram and Ziehl stains; glucose content of 34 mg/100 
ml (Somogyi); protein content of 2.0 mg/100 ml and nega- 
tive culture for tuberculous bacillus after 45 days. At the 
end of the procedure, air was injected into the pericardial 

sac, and a posteroanterior chest X-ray film showed a thick 
shaggy pericardium (Fig. 2B). Acute tuberculous pericardi- 
tis was diagnosed, and therapy was started with daily doses 
of streptomycin, 1 g, para-aminosalicylic acid, 12 g, iso- 
nicotinic acid hydrazide, 400 mg, and prednisone, 60 mg. 

The third pericardial aspiration was performed through 
a drain placed into the pericardial cavity. The aspirate now 
appeared as an “anchovy sauce” pus, and hemodynamic ev- 
idence of cardiac compression was documented by the re- 
cording of right ventricular and aortic pressures before 
(Table I, Fig. 3) and after removal of 460 ml of this pus. 
The cytologic examination of the pus revealed numerous 
neutrophils and large cells suggestive of trophozoites of 
Entamoeba histolytica, especially after staining with ferric 
hematoxylin. 

Administration of the antituberculous drugs and predni- 


-sone was discontinued and treatment with oral doses of 


chloroquine (Aralen®) and metronidazole (Flagyl®)—2 g 
daily of each drug—was instituted for 30 consecutive days. 
Three days later the fever subsided and the patient showed 
clinical improvement. On the seventh day of treatment, the 
dose of chloroquine was reduced to 500 mg/day because 
signs of acute mental depression developed. When the pa- 
tient’s condition improved and he could be mobilized, 40 
ml of 75 percent Hypaque® was injected into the pericardi- 
al sac through the drain and, with the patient upright, a 
posteroanterior X-ray film of the lower half of the thorax 
and upper abdomen was taken, revealing the communica- 
tion of a large abscess with the pericardial cavity (Fig. 2C). 

After treatment with chloroquine and metronizadole was 
stopped, emetine hydrochloride, 60 mg/day, was given sub- 
cutaneously for 10 consecutive days. The patient was dis- 
charged on November 22, asymptomatic, without physical 
signs of cardiac compression and with normal chest X-ray 
findings (Fig. 2D). 

Because of the gradual onset of Eden a sensation of 
fullness in the right hypochondrium and dyspnea on exer- 
tion, the patient was readmitted on December 28 for cardi- 
ac catheterization. At this time, the chest X-ray film was 


normal and the electrocardiogram showed flat T waves in 


all leads. Right and left heart pressure measurements indi- 
cated the presencé of moderately severe restrictive heart 
disease (Table I, Fig. 3). Pericardiectomy was proposed, 
but refused. The patient was discharged in 3 days on a regi- 
men of a low sodium diet, 50 mg of hydrochlorothiazide 
and 2 g of potassium chloride twice a week. 

When last seen on November 7, 1972, he was leading a 
normal, active life but still complained of slight pedal 
edema and mild to moderate exertional dyspnea. He main- 
tained a normal sodium diet and took 50 mg of hydrochlo- 
rothiazide irregularly. There was still mild jugular venous 
distension, the cardiac silhouette on X-ray film remained 
normal and the electrocardiogram revealed peaked P waves 
with an amplitude of 2.8 mm in lead II (Fig. 1B). 


Discussion 


The initial diagnosis of acute tuberculous pericar- 
ditis is not uncommon in patients with acute suppu- 


` ACUTE SUPPURATIVE AMEBIC PERICARDITIS—GUIMARÁES | 





FIGURE 3. Pressures (mm Hg) recorded at cardiac زوم‎ 

Top and middle, before the third pericardial aspiration; bottom, dur- 
ing the second admission. Top, aortic pressure curve exhibiting pul- 
sus paradoxus; middle, right ventricular pressure curve showing 
marked elevation of the initial and final diastolic pressures; bottom, 
right ventricular pressure curve exhibiting a restrictive pattern with 
an early diastolic dip followed by a plateau. 





TABLE | 
Cardiac Catheterization Findings 
Acute Phase (9/20/70) Chronic 
After Removal Constrictive 
| of 460 ml of Phase 
Pressures (mm Hg) Preliminary Pericardial Fluid (12/29/70) 
Right atrial (mean) M 9.0 15.5 
Right ventricular | 
Systolic 40.0 32.9 34.8 
End-diastolic 2l 8.6 18.1 
Aortic 
Systolic 77.8 86.3 87.4 
Diastolic 54.0 47.8 67.5 
Mean 62.4 73.6 72.5 
Amplitude of pulsus 13.3 3.4 7.4 
paradoxus 
Left ventricular Ma ۳ 19.0 


end-diastolic 
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s only i in terms of its pump functi 
|. ofthe myocardium itself. . Decreased cardiac pump functio could: 
sult from a combination of impaired myocardial function with co 

 — strictive pericarditis, or could be wholly. 
©. Strictive process itself. ] ۳ 
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i a ۱ FIGURE 2. Case 4. Left تهب‎ L.V.) time-volume, plot (four car- - 
diac” cycles). Junctional rhythm d eveloped spontane ously after the 
tolic volume - 





Bos FIGURE 3. basê: A Lett ventricular. pressure, dP/dt 
and aortic pressi u re (from: below upward) during a tran- 
E sition from junctional to sinus rhythm. Note the contri- 
$c bution of an. appropriately timed atrial. systole during 
2 sinus rhythm. Left: ventricular. developed pressure in- 
m "creased from 63 to 9. | mm Hg and left ventricular 
E maximal. dP/dt rose. fron | 1,000 to 1,300 mm Hg/sec. 
^ The increase in aortic pulse pressure is attributed to an 
increase in stroke volume (Bee: Fig. 2( ۱ 
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ulated: by 


| T | "hand: n both cases, maximal unloaded co artile o 
E velocity (Vmax) was derived. by plo 
.' increase of isovolumic pressure ((d 








pressure using linear sup 
elastic constant (k). af 


nd 28 T Ka 
The left veuitriculograms were mu at a rate of 60 


“frames/sec and were analyzed. ona frame by frame basis. In 
` Case 1, the analysis was performed using an electronic pla- 
 nimeter and a programmed calculator (Hewlett Packard, 


ry artery "PA, "à 2s 








VENTRICULAR FUNCTION IN PERICARDITIS— 


۱ ee no. 9100) and in Case 2 with use of a hand planime- 
ter. Volumes were obtained by the area-length method, in 

ase 2 using biplane left cineventriculograms and in Case 1 

using the right anterior oblique projection (single plane). 


۱ Results. B 
The results dd péitinant. clinic 
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LEFF VENTRICULAR FUNCTION IN PERICARDITIS—GAASCH ET AL. - 


- - stretch in our two cases would explain the apparent 
discrepancy between muscle and pump function. A 
major determinant of. cardiac pump performance is 
end-diastolic fiber length, which is directly related to 
preload (measured as end-diastolic stress) and 
inversely related to end- diastolic distensibility (mea- 
sured as end-diastolic compliance). 10 The combina- 
tion of small chamber size and marked reduction i in 
diastolic compliance might. be expected to result in 
reduced end-diastolic muscle fiber stretch in spite of 
increased end-diastolic p pressure. Data obtained in | 
Case 1 during both the presence and absence of an ef- 
fective atrial systole (Fig. 1 and 3) confirm the i impor- 
tance of end-diastolic fiber length. as a major deter- - 
minant of systolic performance in noncalcific con- 
strictive pericarditis. An. appropriately timed atrial 
systole (Fig. 3) resulted in augmentation of left ven- 
tricular. developed pressure from 63 to 95 mm Hg, an 
increase in left ventricular maximal dP/dt from 1,000 
to 1,300 mm Hg/sec and, as suggested by the aortic 
pulse | pressure, an increase in stroke volume. 

~~ Ventricular volume and: systolic. ejection fraction 
in patients with chronic constrictive pericarditis have 
been reported by Vogel et al.!! as. significantly less. 
than normal. The ejection fraction in five of six of 
their cases was greater than 0.5 and the average for 
the group was 0.61. Harrison et al.!? using the ther- - 
modilution. technique reported. decreased ejection 
"fraction in constrictive pericarditis. The left ventric- 
ular end-diastolic. volume in our Case 1 was in the 
range of normal, but in Case 2 it was reduced; in both 
. cases the systolic ejection fraction and the mean cir- 
 cumferential fiber shortening | rate were normal 
(Table D). 

`` The altered time course of ventricular filling (Fig. ۱ 
2 and 4) in chronic constrictive pericarditis deserves 
comment. In both Case 2 (atrial fibrillation) and Case - 
.1 (during junctional rhythm) diastolic volume - 
` reached a stable plateau during mid and late diastole. 
In an individual patient, this restriction or limitation. 
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of diastolic filling should produce a situation of con- 


stant preload or constant end-diastolic fiber length. 


Therefore, beat to beat or minute to minute varia- 
tions in the contractility indexes would be free from 
any influence of changing preload. T'hus, chronic con- 
strictive pericarditis should provide a model to evalu- 
ate the sensitivity of any contractility index when the 
effect of variable preload is to be excluded. 
Postextrasystolic potentiation: Enhanced cardi- 


|. ac performance occurs in the contraction that imme- 
diately follows a premature ventricular. depolariza- 
tion. This phenomenon is recognized clinically as 


postextrasystolic potentiation and as the forceful — 
beat that follows an early beat in patients with atrial | 
fibrillation. Left ventricular pressure, dP/dt and the. . 


`` plot. of (dP/dt)/kP against total pressure in Case 2. ۱ 


are shown in Figure 5. The R-R interval preceding 
the beat is designated. RRs and the pre- preceding 


. R-R interval is designated RR}. This. figure illus- 
. trates that, in beats following the positive inotropic 


influence of an abbreviated pre-preceding R-R inter- 
val, Vmax is increased and peak dP/dt rises in the 
presence of a plateau of left ventricular. diastolic vol- 
ume shown in Figure Qo: ۱ 


Conclusion 


Oui: data in two patients demonstrate that cardiac 
inüscle function is normal in some cases of chronic 
constrictive pericarditis. "These studies emphasize the 
importance of the mechanical. constricting process 
rather than myocardial depression. as an explanation 
for the depressed pump function seen in constrictive 


pericarditis. In the patient with noncalcific pericardi- 


tis, in whom restriction was. incomplete, left ventricu- 


Jar volume and performance were augmented by an 
appropriately timed atrial systole. In the patient with 


heavy calcification of the pericardium and severe 


constriction, the positive inotropic influence of an 


abbreviated pre- “preceding R-R interval was demon- 


^ strated. 


References. 


ventricle. in man: distantenbous tension velocity length relation- 
— ship in patients with and without disease of the left ventricular 
myocardium. Circ Res 22:451—463, 1968 


. 8. Karliner JS, Gault JH, Eckberg D, et al: Mean velocity of fiber 


shortening: a simplified. measure of left ventricular myocardial 
contractility. Circulation 44: 323-333, 1971 
9. Braunwald E, Ross J, Sonnenblick EH: Mechanisms of Con- 

traction of the Normal and Failing Heart. Boston, ‘Little Brown, 
1968, p 77-85 

10. Gaasch WH, Battle WE, Oboler AA, et ‘ah Left ventricular 
stress and compliance in man: with. special reference to nor- 
malized ventricular function curves, Circulation 45: 746-762, 
1972 . . E 

11. Vogel JHK, Horgan JÀ, Strahl. CL: ü ft ‘Venticutar dysfunction 
in chronic constrictive pericarditis. ‘Chest 59:484-492, 1971 

12. Harrison EC, Crawford DW, Lau FY Sequential left ventricu- 
lar function studies before and afte -pericardectomy for con- 

| strictive pericarditis. Am J Cardiol 26: 319-323, 1970 













July 1974 The American Journal of CARDIOLOGY Volume 34 


EDITORIALS 





Performance in Man 
ARNOLD M." WEISSLER, MD, FACC 


Detroit, Michigan 


“When the physiologist. wishes t to express the perfor- | 


d  mance of cardiac muscle in quantitative terms, he 
regularly resorts tò- three basic parameters, the 
ngth, force. and time of contraction. He recognizes 
yat in. portraying the function of. cardiac muscle in 
se terms. hex must take into. cognizance the initial 

ne muscle, the load that the muscle is con- 














uscle fibers comprising the 


tony ‘of the inst ie dual 
physiologic terms he is inter- 


ody of the muscle 2 







. mass of contracting muscle. When he translates these 
characteristics of mu: ‘performance into the func- 


. tion of the heart as a whole, the physiologist. must re- - 
^'^ gort to common. hemodynamic. measurements. Thus, ` 
the preload of the ventricles is. reflected in the end- — 
diastolic pressure and volume, the afterload in mea- - 
sures of aortic resistance and pressure or ventricular 
systolic force, or both, the length of muscle contrac- 

tion in the stroke volume expressed relative to the — 

end- diastolic volume, the force of contraction: inthe > 

. pressure-volume changes occurring during. systolic | — 
contraction, and the time of contraction in the dura- . 

tion of the phases of the cardiac cycle and the time . 


1 derivatives of the contractile: events. | 





















ile properties of heart muscle. In ap- 





ee flow and time alter- 


wg. oo 


pray یی‎ It is because: noninvasive prd nin 
can reflect. hemodynamic events within the cardiac 
chambers that they are, in fact, useful. Like measures 
of pressure, volume and flow, modern noninvasive 
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. Noninvasive Methods for Assessing Left Ventricular 


techniques’ offer Accs of the fundamental 0 
` tractile events of the heart. When properly interpre 
“ed, and applied in combination, they can offer in 
| sights into the presence, extent and functional conse 
‘quence of cardi 
 spects, adc to hose. derived from more pop 
` vasive met hod 
to summariz t 
` of left ventricular contractile performance b 
|. vasive. methods ۱ and t to ‘discuss some و یب‎ 


ip mass of the muscle and the syn- 


terload, the synchrony and | 
۱ de methods, 


` possible ما‎ estim 

"performance in man: (1) left. ventricular. diam 
. and volume, (2) left ventricular muscle mass, (3) 
. ventriculai "y | motion; w left ventricular outflos ! 


E cy le. 


۱ additions i : 
: has. been : 1 


T pparent. that hemodynamic measures. reflect m eu 
ta characteristics of muscle contraction. E 
e can derive information pertinent — 


9 fecting he و او‎ bean: j d ; tb elow 
` the mitral valve one can obtain remarkable. delinea 
` tion of the extent of motion of the left side of the in 
` terventricular septum and of the endocardial surfac 


the. evaluation of the diseased heart, - 
performance of the cardiac chambers, as 


.cordings are made sim 
 diogram on ۱ à continu 101 
` motion of the mino axis of the left ventricle is. read. 
_ly estimated. ! 


a be kaned ian of Paes ihe. presence oe ی‎ 5 
malfunction. Such combinations of hemodynamic ۳ 
measurements allow better definition of cardiac per- » 


icine, Wayne State University School of Medicine, 540 E. Canfield 
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With use eof noninvasive techniques, it is curren a 
mate five general indexes of cardia 
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sterior wall. When these re 
neous with the electrocai 
hotographic recording, th 


of the left. ventricula 












si Measurements of the extent and rate 
change in this diameter. provide valuable. data rel: 
tive to the performance of the left ventricle. Suc 
measurements have been employed by several inves- 
tigators in the estimation of left ventricular stroke. 
volume, ejection fraction and mean rate of circumfer- - 
ential fiber shortening.!~7 The estimates of ventricu- - 
lar volume derived by use of these techniques agree 
closely with those measured by angiographic or other ` 
direct techniques, thereby attesting to the accuracy 
of the echocardiographically determined minor axis 
dimension. Some investigators prefer to confine esti- 
mates of ventricular function by the echocardiogra- 
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- “phic. ‘method to measurement of the changes in the 
$ minor axis of the left ventricle alone without extrapo- 
` lation to determinations of volume change. Indeed, at 
resent, the measurement of change in the minor axis 
s the primary basis for the functional estimates of 
eft ventricular contractile performance by the echo- 
ardiographic technique. _ 

` Seintiphotographic measurement of left ven- 
ricular volume: Another method for estimating 
'entricular volume involves use of newly developed 
“nuclear techniques. 8-10 The scintiphotographic meth- 
` od for measuring left ventricular volume employs the 


labeled albumin. Images of the heart at end-systole 


camera (Anger camera) and an electronic gate 
.triggered by the patient's electrocardiogram. The 


ver a period of several beats, permitting inscription 
f the volume characteristics of the cardiac chambers 
t end-diastole and end-systole. The volumes so cal- 
culated agree closely with those measured directly by 








promise as a noninvasive means of detecting alter- 
ations of left ventricular function as well as defects in 
the pattern of ventricular contraction. 


Left Ventricular Muscle Mass 


-A new and promising application of echocardiogra- 
‘phy i is the estimation of left ventricular wall thick- 
` ness. From such measurements and knowledge of the 
‘specific gravity of ventricular muscle, estimates of 
left ventricular mass can be derived. When compared 
with left ventricular thickness and mass calculated 


data provide remarkably accurate estimates.!! In- 
"deed, if estimates of left ventricular mass by the 
echocardiogram could be made accurately and corre- 
lated with other measures of ventricular performance 


a major advance in evaluating left ventricular perfor- 
ance by noninvasive technique will have been 
achieved. 





Left Ventricular Wall Motion 


. Apex cardiogram: The. pattern of left ventricular 
` wall motion can be evaluated. by several noninvasive 


ing cardiac performance until recent years. In large 
measure, the failure of the apex cardiogram to gain 
-acceptance as a measure of left ventricular dynamic 
“events was related to problems of instrumentation, It 
-has recently been emphasized that major distortions 
.in recordings of the configuration of the apex cardio- 


partially differentiated piezoelectric transducers.!?: 13 
With high fidelity equipment for recording undis- 
_torted apical movements, the apex cardiogram offers 
valuable information on the timing of the events of 
‘the cardiac cycle and in detecting altered left ventric- 
ular performance in such circumstances as left ven- 
tricular hypertrophy and ventricular aneurysm.“ 


“injection of a radioactive tracer, usually technetium- 


-and end-diastole are obtained using a scintillation - 


amma radiation from the technetium is recorded 


angiographic methods. This technique offers great 


derived by either invasive or noninvasive techniques, - 


. methods. The apex cardiogram i is an older technique | 
‘that was not generally accepted as a means of assess- 


“gram result from the use of uncorrected nonlinear, 


Kinetocardiogram: The kinetocardiogram rec- 
ords the precordial motion imparted by the contrac- 
tion and relaxation of the cardiac chambers.!? The 
instrument is designed to allow measurement of ab- 
solute motion at various points on the anterior chest 
wall. In contrast to the apex cardiogram, which mea- 
sures motion of the apex relative to the adjacent tho- 
racic wall, the kinetocardiogram measures the extent. 


of local motion. Distortions of precordial motion have 


been shown to accompany many forms of cardiac dis- 
ease, and recent attempts to quantitate kinetocardi- 
ographic patterns have yielded a detailed expression 


of the sequence of precordial cardiac motion that 
other methods have not approached.!® 


Radarkymography: Another technique for re- 
cording cardiac wall motion is that of radarkymogra- 
phy. This method, which employs a video tracking 
device combined with image intensification fluoros- 
copy, allows quantitative expression of the motion of 


the interface of the cardiac chambers and the pulmo- 


nary fields. 17 The recordings permit detailed expres- 
sion of localized alterations in the outer wall of the 
left ventricle.!? This technique appears to be a prom- 
ising addition to the noninvasive approach for detect- 
ing alterations in the synergy of contraction and in 
detecting. the presence of ventricular aneurysm. 
Echocardiogram: Recent studies. suggest that the 
echocardiographic method. may prove useful in de- 
tailing left ventricular chamber motion and in detect- 


. ing alterations in the synchrony or extent, or both, of 
muscle contraction. By scanning the left ventricular 


chamber with the ultrasonic beam, it is possible to 
visualize the pattern of contraction of the interven- 


. tricular septum and the left ventricular outer wall in 
from angiographic measures, the echocardiographic _ 


the area from the mitral valve to the apex. 
Left Ventricular Ejection Dynamics 
Ballistocardiogram: Two noninvasive methods 


` for assessing the dynamics of left ventricular ejection 


are the ballistocardiogram and the impedance ple- 


.. thysmogram. The ballistocardiogram has been recog- 


nized as an instrument with potential for evaluating 
cardiac performance for almost a century. It has met 
with various degrees of popularity as a clinical tech- 
nique in recent decades. Much of the reluctance to 


accept the technique of ballistocardiography i in past 


decades related to problems in instrumentation. The 
early instruments typically generally had intrinsic 
frequency responses that were similar to the natural 
frequency of the cardiac impulse. Thus, each ballisto- 
cardiographic impulse reflected not only the motion 
of the heart but the simultaneous response of the in- 
strument as well, yielding distorted ballistic record- 

ings of the body. In recent years, new attention has 
been given to the development of better ballistocar- 
diographic instrumentation. The ultra low frequency 
ballistocardiograph, in which the natural frequency 
of the instrument is low relative to that of the cardiac 
pulsations, appears to. lend. a more quantitative mea- 
sure of the bodily movements imparted by the heart- 
beat than has been heretofore available. In a unique 
version of this type of instrumentation, the body is 
supported on a thin column of pressurized air as a 
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means of accurately recording the ballistic impulses 
with each heartbeat. In recent studies, the ballisto- 
cardiogram was shown to be a sensitive and effective 
means of detecting altered left ventricular perfor- 
mance in patients having coronary artery bypass sur- 
gery.'9 With the ballistocardiogram, major improve- 
ment in left ventricular dynamics 1 in some patients 
could be shown by c comparing the records obtained 
before and after operation in the same patient. It is 
notable that after less effective surgical procedures 
for coronary artery disease, the ballistocardiogram 


revealed no improvement in left ventricular perfor- 
mance. 


Impedance plethysmogram: The position of the 


impedance plethysmogram as a noninvasive tech- 
"nique remains somewhat. controversial. Essentially, 
this technique records the electrical impedance 
changes across the thorax with each cardiac beat. 


Greatest interest in recent. years. has been i in the first 


F . derivative of impedance changes across the thorax.?? 


A major problem in. evaluating. the impedance 


۰ ? 9g :plethysmogram as well as the ballistocardiogram as 
- .. meaningful expressions of the heart’s performance is 
i the fact that these devices probably reflect cardiovas- 


by ی‎ aly employed fenipdynamic methods 
in man. The acceleration of blood ejected from the 


heart, which probably accounts in large part for the 
ballistocardiographic and the impedance impulses, is 


not readily estimated in man by current laboratory 
measures. Validation of ballistocardiographic and 
impedance plethysmographic tracings as a measure 
of cardiac performance has in the past relied on their 
correlation with hemodynamic measures that reflect 
neither the velocity nor the acceleration of blood 


ejected by the left ventricle. That such correlative | 


studies have yielded varying results is hence not 


unexpected. Only when acceptable measures. of the 


acceleration or velocity of blood flow are obtained i in 


` man will effective tests of these noninvasive mea- 


A .. sures be provided. 








2 Sequence : of Left Ventricular Cycle (Systolic 


Time Intervals) 


One of the: most effective noninvasive measures of 


left ventricular performance i is the determination of © 
systolic time intervals. With simultaneous recordings — 
of the electrocardiogram, the phonocardiogram and 
the carotid or subclavian arterial pulse one can accu- _ 


rately estimate the duration of the preejection and 
ejection phases of the cardiac cycle. 21-23 The preejec- 


tion period can be subdivided into various compo- 


nents such as the interval from onset of electrical ac- 
tivity to the first heart sound and the interval from 
onset of electrical activity to the beginning of left 
ventricular chamber motion as recorded by the apex 
cardiogram. In making such measurements, one notes 
a distinct abnormality in the time sequence of the 
cardiac cycle in left ventricular dysfunction in which 
the preejection phase lengthens and the ejection time 
becomes abbreviated. Studies in recent years have in- 





` ating left ventricular performance, particularly 
chronic disease states such as coronary. artery dis 
ease, hypertension and primary myocardial disea 
` Used singly or in combination with other measures 
left ventricular | performance, these measureme 


a measure of cardiac performance, the investiga 


. symptomatic responses. Such an approach | is b 
dened with several major investigative | limitatio 


the symptomatic response in left ventricular diseas 


over the: clinical approach i in detecting left ventricu : 


| _ surements: One must hence resort to comparison : 
with more objective, direct and sensitive measures of 
۱ cardiac performance when critical evaluation of the. 


dicated that these changes in the systolic intervals - 
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correlate closely with other hemodynámie 
quences of left ventricular dysfunction such as: 
minished left ventricular stroke volume and c 
output, the decrease in left ventricular ejection 
tion and depression in indexes of left ventricular co 
tractile performance that are based on measureme: 
of the first derivative of left ventricular pressure. 

The use of systolic time interval measurement 
provides a valuable and sensitive approach in eva 


provide insight into the presence and extent of 1 
ventricular dysfunction. particularly when bedsi 
clinical signs are not conclusive. In addition, them 
surement: of the systolic intervals has proved to. 
value as a noninvasive means for investigating 
transient. or sustained. effects of various cardiost 
latory agents." 95 Pd 
` Problems and Perspectives. 


Noninvasive methods. vs. clinical state: Inter 
in noninvasive methods has brought with it proble 
that any new technology must face. In develo 
these methods it is most often the goal of the inv 
gator to produce. measures of cardiac perform 
that are more sensitive than conventional bed: 


techniques. In attempting to test the new methods 











often resorts to displaying data in groups base 
the severity of the patients' illness as determine 1 


not the least of which is the fact that the interp: 
tion of “functional class” is subjective. In additi 


is often contingent. upon the degree of associated pul 
monary congestion or the decrease in the cardiac out 
put response, variables that in themselves do not di 
rectly reflect. the degree of intrinsic cardiac function-- 
al impairment. Finally, the testing of newer methods ` 
in this manner alone cannot clearly distinguish 
whether the noninvasive measure is an improvement 











lar dysfunction. * : 
Noninvasive techniques vs. hemodynamic mea- 








noninvasive technique is desired. However, the use of 
such an approach presents additional technologic 
and conceptual problems. In attempting to test the. 
validity of the noninvasive measure, comparisons are. 
made with more conventional parameters of ventric- 
ular performance based on measurements of blood. 
pressure, volume and flow. As indicated previously, 
the noninvasive methods may approach dimensions. 
of cardiac chamber performance that more conven- 
tional hemodynamic measures do not. Failure to. 
show congruent changes with conventional hemody-. 
namic measures may be interpreted as evidence. 
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1 against the usefulness or applicability of the newer 
` method whereas different performance characteris- 
ics. may have been compared. A corollary problem 
may be produced when the measurements provided 
yy a new noninvasive technique agree closely with 
lata derived from the cardiac catheterization labora- 
ory. Such agreement in observations may be inter- 
reted as evidence that the noninvasive method mea- 
ures the hemodynamic parameter with which it cor- 
elates, when the two measures may merely reflect 
ndependent alterations in performance that change 
‘in parallel. Such an interpretation can result in the 





‘of circumstances in which the correlation was never 
tested. 

In attempting objective validation of newer TM 
ds, the investigator must be aware that the complex 


de spectrum of dynamic events not all of which 
hange simultaneously or to equivalent degrees. Fur- 
her, methods currently used in the cardiac catheter- 


sures of the effectiveness of the contractile function 
of the heart. There is little agreement as to which he- 
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DN 


extension of the use of the noninvasive method for 
.quantitating hemodynamic measures under a variety. 


erformance of the cardiac chamber is reflected in a 


zation laboratory for quantitating the performance 
of the cardiac chambers do not yield definitive mea- 


modynamic measure or measures offer the most sen- - 
sitive index of altered cardiac chamber or muscle per- | 
formance; that is, there are no measures of ventricu- - 
lar performance that can be applied singly or in com- 


2. Fortuin NJ, Hood WP, Sherman ME, et al: ‘Determination of left T 
. ventricular volumes by ultrasound. Circulation. 44: 575-584, 
3. Popp RL, Harrison DC: Ultrasonic cardiac. echocardiography for 


. Fortuin NJ, Hood WP Jr, Craige i E: Evaluation of. left ventricular 


. Feigenbaum H, Chang S: Analysis of left ventricular wall motion © 


3. Sullivan RW, Bergeron DA, Vetter wr, et ak Peripheral venous’ 7 d 


. Strauss HW, Zaret BL, Harley PJ, et al: A scintiphotographic | 





bination as a regularly accepted ۳۳ forc compar- 
ison. These considerations must be kept in mind by 
those who attempt to introduce or test new methods 
for determining the state of cardiac. performance i in 
man. Although the stark empiricism that our prede- 
cessors were forced to use has little place in laborato- 
ry investigation today, we must be cognizant that 
overzealous interpretation of the correlation or re- 
gression approach can lead to unnecessary rejection | 
of potentially valuable methods or to uncritical ac- 
ceptance of others. While we must. app y objective 







criteria in judging new methods, we must. guard. 


against interpreting these new approaches strictly i in 
the image of those measures which are conventional | 
or with which we have greatest familiarity. - | 

It is my belief that we are erp: an n exciting era | 






and end caren! aa methods.” Th Vent bp lic 
tion of these techniques should provide’ new means. 
for quantitating altered left ventricular performance 
in man. The methods should not be construed as 


competitive techniques designed to displace current- 


ly established hemodynamic modes. Rather, they will _ 


supplement current diagnostic practice. anid’ will pro- ^ 
. vide dynamic measures of cardiac performance that _ 
can be obtained and repeated. more readily than 


catheter methods permit. When properly understood 
and applied, such techniques will greatly enhance 


. current cardiovascular practice. 
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a : Blind Defibrillation 


ES C WILLIAM J. J. GRACE, MD, FACC — 
.. RICHARD J. KENNEDY, MD, FACC 
© CARL T, NOLTE, MD 


As ` New York, New York 





> “Blind defibrillation” is siha و‎ dius of m 
` electrical current of 200. to 400 watt-seconds through _ 

pulseless patient without fore- 

hythmia present. The — 

two 1 Ji d immediate: (1) blind be- 

` cause. the proced ur is performed without determin- 

ing 1 the cardiac rhythm, and (2) immediate because as. 

the time lag increases before application there is less 

. likelihood of establishing an effective rhythm. and E 

















(o the chest wall of. 





= - preventing irreversible damage and death. | 
`` Typically, the subject of blind defibrillation is a 


. middle-aged or older man or woman in a hospital, at 


` «home or on the street. The patient is pulseless be- 


cause of ventricular tachycardia, ventricular fibrilla- — 
tion or asystole, but the nature of the arrhythmia is — 

not a determining factor in treatment. Defibrillation _ 
is called “blind” but is not truly so because of the th: 

high probability that ventricular fibrillation. ortachy-  — 


cardia is the cause of the pulseless state. 


Ample documentation of this. probability i is avail- ۱ 
able. Adgey and Pantridge! state that 10 percent of — 


` their patients had ventricular fibrillation. From the 


vu Us «Coronary € Care: Unit at St. Vincent’s Hospital and 









ter, Gra race and رگ‎ 7 d that T 5 
و ی مس‎ examiners e coronary artery 


<a death is due to arthytlimia, a presumably reversible 
condition. . 





coronary disease. Because of these facts, treatment is 


blind and immediate with no time lost in obtaining. 


an electrocardiogram or attempting to document a 
generally fatal arrhythmia. Critical seconds are not 


lost because the type of arrhythmia is of no practical 


importance. 'The determinant of success is He time 


From the Departments. of Medicine and Electrocardiography and 


E  Vectorcardiography,. St. Vincent's Hospital and Medical. Center of 
. New York, New York, N. Y. — 
 ... Address for reprints: Willlam J. Grace, MD, Department of Medi- 
m, e cine, St. Vincent's Hospital and Medical Center of New York, 153 W. 
C" NP dith St., New York, N. Y. 10011. 








‘elapsed ‘fiom ono. to treatment. Survival i is 


In 94 cases. of documented ventricular fibrillation 


an massive snyocardial infarction as e of patients. 
| p during. 1972 
In the Baltimore study of Kuller? 66 per- gly 1 
cent of sudden deaths were associated with severe the pulseless patient. 
cardiopulmonary | resuscitation is. proportional to th 

training and experience ‘of the staff as well as t 

availability of the equipment. A plan of action mu 


taken place. If so, defibrillation is promptly initiate 
The second person on the scene attends to the air 
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related: to the ime interval between. degens à 






viaa pay , cor T with 1 تست‎ ipe is was 1 


yy Adgey and. [rere 52 Percent 0 
he fears ۱ ind sni 





In a nonmonitored. ospita setting ihe success: - 


be designed which is meticulously. detailed and reg 
larly practiced. The first person to the scene assess 
the situation and determines if cardiac arrest hi 


for ventillation while the third sets up the electroca 
diograph and the intravenous infusion apparatus an 
prepares to administer medications that may be t 
Er Hence, “blind defibrillation” is ony a part. i 






heme of re atio but i a “most important 
t 3 h uld | be used hen appropriate; as indi- 


ps ۱ resuscitation procedure.‏ ما 
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d “during 1 1971. aa 

i2. Let us imagine tia Dr. امین‎ had Eo 8 new pili E 

` or injection for his nine patients with hypertrophic ob- 
. structive cardiomyopathy on the same uncontrolled proto- 



















LETTERS TO THE EDITOR 


OPERATIVE TREATMENT OF HYPERTROPHIC 
OBSTRUCTIVE CARDIOMYOPATHY 


Dr. Roberts' editorial labels Mee id s ی یی‎ of 


T" 


col. It is likely that the trial would. have been squelched by 
the Food and Drug Administration or the human trials 


committee of St. Luke's Hospital. Failure to. disapprove, 5 
that is, malfeasance by such guardians of the patient's wel — 
fare, would not necessarily have been a total disaster. Con- 


scientious journal reviewers ‘could not. conceivably pass, as 
deserving publication, a report of a pill or. injection for 
: which there was no concurrent, comparable (that is, unbi- 


ased) standard of comparison. This would have rendered - 


„unnecessary Roberts’ frightening. conclusion—published 9 


| is . months. later—that the treatment offered by Cooley et al. 
` as "the surgical. procedure of choice" ? is “at best prema: 


39. 


-ture and ped d dangerous. | 
ar tl e : the results of. surgery. remain aayi im- 

an ndards demanded. of medical therapies. 
E a: dete ined assault by. dissenters, this "sacred 
` cow" 4 status is at last. fading in the field of coronary artery 
surgery? Yet the Roberts-Cooley exchange emphasizes 
the ubiquity of our traditional problem: There is no Food 

` and Drug Administration for the surgeon. Hospital experi- 





mentation committees that demand. controlled trials of 


medical investigators are reduced to paper tigers when fac- 
ing surgeons. The last line of defense must be journal re- 
viewers, who owe it to our patients to exercise their scien- 
tific, ethical and moral obligations to reject inadequately 
designed and controlled trials of all kinds of treatment. 
David H. Spodick, MD, FACC 
Department of Medicine 
` Tufts University School of Medicine 
Boston, Massachusetts 
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DR. COOLEY Y REPLIES 







cal i colleniues € d accept 
i jy were conceived. My consulta Y 
Robert cachman, his associates and 1 con 






[so completely reversed these variables an 
ventricular outflow gradient, we ¢ proceed 









tif en that our paper € to. i ap " 
question. some of the Sout aie 


ease. and to o restudy late results of surgical septectomy. ۱ 
۱ Denton A. Cooley, MD, Face 

. ^ Texas Heart Institute — oe 

St Luke’ S Episcopal and E 

.- . Texas Children's Hosp = 

. .. Houston, Texas. a. 





iol logy, i 

It is دی‎ possible | that C thoro i is more ‘han one cause aes 
the “idiopathic hypertrophy. ” The dynamic obstruction to 
left ventricular outlet is at least partly produced by the an- . 
terior leaflet of the mitral valve. This abnormal position of- 
the valve leaflet may be a congenital defect or may result 
from distortion of the ventricular septum. Certainly the. 
clinical course is variable and the response to treatment 
with drugs is not predictable. Probably no more than 10 
percent of patients with this disorder require surgical treat- 
ment because of incapacitation by their disease. E 

In our institution, as in most other active cardiovascular 
centers, Patients with this condition have been treated SUE 
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Î gically by various techniques. during the past 10 years. Re- 

section of the thickened myocardium (myomectomy) from 
oth the left and the right sides of the ventricular septum 
as been tried. Incision of subaortic hypertrophy (myo- 
omy) has been tried as an isolated procedure or combined 
ith myomectomy. In contrast to the clinical experience 
described by Dr. Roberts, our own experience has left us 
less than satisfied with the results. Further, the postopera- 
tive results were far from uniformly good in our evaluation 
f patients operated on in our own and other centers by the 
'chnique of resection or myotomy, or both, of the left ven- 
‘icular Portion of me 6 00۳ in fact, the results were oie 


ing s 
By مرت‎ i in 1969, we “Had. ‘the opportunity to.see a pa- 
ent. with calcific mitral stenosis and hypertrophic obstruc-. 
ve myopathy. It was my opinion that excision of part of 
۱ ticular- poa would وس‎ da the chances for 






IW two. ther pbi ill patients with e ob- 
cardiomyopathy who had severe mitral regurgita- 
01 1 addition to outflow tract obstruction. These two pa- 
ents were also treated by valve replacement without addi- 

































vely, the. outflow gradient was eliminated as well as the 
itral regurgitation. In none of these three « cases was there 
postoperative outflow. gradient. at rest, with a postextrasys- 
tolic beat. or after administration of nitroglycerin or per- 
formance of a Valsalva maneuver. | 

- An additional. six patients were operated on, some with 
and some without mitral insufficiency. In all survivors the 


other operation for correction of this disease has produced 
such consistently favorable results. 


al.? described one patient operated on in Italy. Winters? is 
following up two patients treated by valve replacement and 
both are symptomatically improved, although they have 
not been reevaluated by postoperative catheterization. Le- 


although no postoperative hemodynamic data are available 
as yet, the patients are doing well. 


malfunction and systemic emboli. It has been said that sep- 
tectomy or septotomy is a “mild’ ` operation with a low mor- 
tality rate, not likely to do: harm, 'and, in my experience, not 
likely to improve the patient's s condition. on a. predictable 
basis. It is my belief that too many patients have had surgi- 
cal treatment of this disease. If surgery is to be done, an op- 





eration should be performed t. 
hemodynamic and clinical improvement. 
. Of the various surgical procedures used in the treatment 
of. hypertrophic obstructive cardiomyopathy replacement 
of the mitral valve has resulted in the most consistent he- 
modynamic and clinical improvement in my experience. 
Obviously surgery of any type should be used only in pa- 
tients who are gravely ill, and in whom medical treatment 
has proved futile. 


Texas Heart Institute 
Houston, Texas 


.. 118 July 1974 The American Journal of CARDIOLOGY Volume 34 


onal surgical removal of heart muscle. Again, postopera- - 


outflow tract gradient was eliminated, and the left ventric- 
ular end-diastolic pressure was. ‘returned toward normal, 
even with an increased stroke volume. In our experience, no 


Others have had a similar good experience. Pellegrini et P 


pley has also replaced the mitral valve in two patients, and — 


. Certainly valve replacement is a serious undertaking and - 
not to be recommended lightly because of the problems of | 


hat will consistently result in |. 


Robert D. Leachman, MD, FACC 
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DR. HARKEN REPLIES ۱ 
The fuel shortage makes me enjoy the heat but lament the 


light where several of my friends are partially. right. Dr.. 
and that is where I- 
come in. Presumably Dr. Cooley's- manuscript was sent too 
me for review because we introduced a mitral valve with es- 


Spodick has attacked the “reviewers,” 


sentially physiologic function in 1968 and described septec- 


tomy by way of the right ventricle for some forms = ۱ 


subaortic hypertrophic obstructive cardiomyopathy i 


1966. Dr. Cooley used this technique and shared our prefer ۱ 


ence for it over septectomy. through the aorta or directly 


through the left ventricle. Now it appears that Dr. Cooley 
has had recent experience that leads him to suggest that 
valve replacement may be preferable at times to either - 


form," can be resected effectively by approaching the sep- 
ers" with six assertions, more or less in the order of Dr. 
Spodick's grievances. 


1. Many forms of hypertrophic: cubaortic obstruction do ۱ 


not lend themselves to septectomy. 


2. Some isolated high septal Tork of hypertrophic ob- 
"use cardiomyopathy, ` especially | the isolated “olive - 


form,” can be resected effectively by approaching the sep- 


. tum. through a right ventriculotomy. The surgeon's left 


index finger is introduced through an aortotomy and pal- 
pates the left side of the isolated area of subaortic hyper- 
trophic obstruction. That finger guides the resection of the 


^. septum from the right side (by way of a right ventriculo- 
tomy). Thus, controlled right-sided septectomy can be per- 


formed, staying anterior to the right conduction system 


and ‘below the arborization of the left conduction system. 


This anatomic means of avoiding heart block was pointed 
out to me by Dr. Maurice Lev when I was investigating this 


` form of septectomy. We have, in. properly selected cases, 
avoided heart block and restored normal hemodynamic 
` status. I presented this technique to the American Associa- 
. tion for Thoracic Surgery i in Houston in 1966. It was adopt- 


ed by Dr. Cooley and is mentioned to indicate a superior 
type of septectomy over which Dr. MEUSE felt valve re- 


| placement had further advantages. 


ç s‏ * و رز سا 


mitral position, particularly Sheet the ventricle is small. 
However, this is not the type of valve Dr. Cooley uses. Ball 
valves in the mitral position pose problems of inertia and 


space occupation that reduce stroke volume. They may. 
cause arrhythmias or septal damage. Finally, in the © 
transverse position mitral ball valves can produce outflow 


tract obstruction similar to subaortic hypertrophic stenosis 
itself. 

` 4. Properly placed low profile disc valves. can provide an 
atraumatic outflow tract that Dr. Cooley finds attractive. 


In reviewing his article this. procedure appealed to me, 
especially as a means of- treating the diffuse forms of 


subaortic hypertrophic stenosis. It is. probably unnecessary 
when localized hypertrophy | lends itself to local excision. Of 
course, propranolol is always tried first. 3 

5. The statement that the prosthetic mitral valve pro- 
duces a serious “disease to correct a disease” raises ques- 
tions about Dr. Roberts’ specific experience. Perhaps case 








selection, type of valves used, surgical technique or thie 1 


postoperative care contributed to dissatisfaction with t he 


mitral prostheses. His experience is at variance with mine. 
Drs. Spodick and Roberts must also remember that a de- 
vice or a surgical technique is safe enough to use when it is 
safer than the condition that it is designed to correct and 
is the best available. 
6. Dr. Spodick's compulsion to randomize surgical expe- 
 rience can be used or abused. To suggest that all proce- 
dures, like pharmaceutical products, be subjected to scruti- 
. ny of the type provided by the Food and Drug Administra- 





tion and to premarket clearance would often compare dissi- . 
| | techniques. and devices. 
If such a philosophy had existed in the 1950's, and killed. 





milar pathologic patterns, surgica 


5 device innovation, there would still be no ‘prosthetic valves, 
no pacemakers or many other life-saving devices. ۱ 


۱ Dwight E. Harken, MD, FACC 
Department of Surgery 
Harvard Medical School 
Boston, اا‎ 


n GUIDELINES FOR USE OF BALLOON-TIPPED 
‘CATHETER - 


٠ tery during fluid inflation of a balloon-tipped catheter in a 
1s patient with mitral valve disease and long standing pulmo- 





nection with the report of Dr. Golden and his co-workers. 
Perhaps the following comments are relevant: — 


. 1. The time period during which. wedge pressure is re- í 
corded must be kept at a minimum to minimize the stress - 


on the wall of the pulmonary artery, particularly in pa- 

tients with long-standing pulmonary hypertension, and to 
avoid the development. of pulmonary infarction. |... 

2. When the balloon is reinflated for recording wedge 

_ pressure, the inflation medium (carbon dioxide or air) must 





monary arterial pressure and the inflation stopped immedi- 
. ... ately when the change. from pulmonary arterial to pulmo- 
— -. mary wedge pressure is noted, to avoid overdistension and 
': -possible rupture of a pulmonary. arterial segment. - 
3. If fluoroscopy i is available (for instance in the cardiac 
erization laboratory), the catheter should be kept in 














^^ can float, after. 
tion. ` es 

4. Golden et al. i i a ppc made in the 

original publication of the balloon-tipped. flow-directed 





catheterization technique”: When the balloon is deflated 1 
after initial passage into wedge position, the. catheter 


should then be advanced 1 to 3 cm to avoid slippage of the 
catheter tip back into the right ventricle. The reason for 
this recommendation was the experience that the inflated 
balloon is actually ' ‘pushed” into wedge position by the 
bloodstream and that after deflation, the tip frequently re- 
turns into the vicinity of the pulmonic valve and may slip 
back into the right ventricle, causing arrhythmias. The rec- 
ommendation was meant for catheterization without fluo- 
roscopic control and with the understanding. that the cath- 
eter after advancement still remains in a position from 
which it will “float” into the wedge position, rather than to 










` .some instances when the catheter is inserted into the 


and into the wedge position, the balloon should be. deflate 


inflated ballo | i 
under continuous monitoring of the pulmonary VM CS 
pressure by slowly adding carbon dioxide or air, unt 


fun ات‎ of dus a checked again ra pue inflation E 


: DEN et al 1 da nbed fatal rupture of the pulmonary ar- o the balloon. #9 


mary hypertension. Although detailed guidelines for pre 

M vention of pulmonary and other complications are given in 
oo the manufacturer's (Edwards . Laboratories) instruction | 

. sheet, provided asa package insert of all catheters, it seems 
nevertheless appropriate to discuss them once more in con- - 


۱ tion i lumen. 


`` -be added slowly under continuous monitoring of the pul- 


central portions of the pulmonary artery from which it — — 


flation ef the balloon, into wedged posi- | Lapin e i: 














lude the vessel by inflation of the balloon abou 
theter in a fixed position. However, we realize th 


monary artery and wedge position with redundancy i 
right ventricle, the catheter tip may, after deflation of t 
balloon, progress toward the periphery rather than regri T 
toward the pulmonic valve. Further advancement. in th 
case is not needed and may, in fact, favor complications. 

The following - procedure is therefore recommende 
After passage of the catheter into the pulmonary arter 





to allow the catheter to assume a position unaffected b 
. The balloon should then be inflated | 











eee from ی‎ d arterial to onini we 






be رب‎ aa such fluid d through the small i in 











| Murra m to: “he aware a the e potentia 
to the lung and its vessels. ۰ 


H. J. C. Swan, MD, , PhD, FAC 
Department of Cardiology - 
Cedars of Lebanon Hospita | 
and ۰ 
Department of Medicine. 
University of California 
Los Angeles, California S 
William Ganz, MD, CSc, FACC 
Department of Cardiology 7 2 
Cedars of Lebanon Hospital — . 
ad "s 
Department of Medicine 
University of California 
Los Angeles, California 
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n We appreciate the guidelines as outlined in the letter to the 
ditor by Drs. Swan and Ganz, and agree these maneuvers 
- make this invaluable and frequently used tool a safe clini- 
-cal procedure. However, because of our case of pulmonary 
rterial rupture and the autopsy lab experience afterwards, 
E described in our report, we would recommend not ad- 
. vancing the catheter farther with the balloon deflated after 


k balloon inflated. This procedure might encourage the cath- 
ter tip to progress, in time, even farther distally, which it 
las a tendency to do anyway. A more distal position would 
ncrease the likelihood of the catheter tip arriving at a pul- 
monary arterial bifurcation in vessels with small diameter. 
'Thus, a situation would arise that would increase the likeli- 
hood of another pulmonary arterial tear. 

5 unosi it be reasonable not t to o advance the catheter far- 


















ois es this : may a amore conservative کک‎ 


Michael S. Golden, MD 
Thomas Pinder, Jr., MD 
Warren T. Anderson, MD 
Melvin D. Cheitlin, MD 
Madigan Genera! Hospital 
Tacoma, Washington 


IMPULSE. FORMATION IN THE LEFT ATRIUM 


.We would like to make some comments concerning the re- 
cent editorial by Drs. Cohen and Scherf on impulse forma- 
` tion in the left atrium.! It has been generally assumed that 
the majority of atrial ectopic impulses arise in the right 
.. atrium. The occurrence of impulses of left atrial origin is 
` usually relegated to rare instances, or is even completely 
-... denied. There are several reasons for these points of view. 
t5 (1) As Cohen and Scherf point out, results of early studies 
>.. indicated that the left atrium of experimental animals rare- 
= ly beats spontaneously.?? This failure to consistently dem- 

<- onstrate impulse initiation in left atrial tissue has certainly 
influenced the thinking of subsequent cardiologists in con- 
sidering sites of ectopic atrial impulse initiation in the 
"analysis of clinical electrocardiograms, (2) It is currently 
` believed that ectopic impulses arise in specialized cardiac 
fibers which can be differentiated histologically from work- 
“ing. myocardium; such working myocardium (atrial or ven- 
` tricular) cannot generate automatic impulses except under 
xtremely abnormal conditions.’ Fibers in the specialized 
. conducting system of the right atrium are capable of spon- 
taneous impulse initiation.?9 Such histologically identifia- 
le specialized conducting tissue in the left atrium is con- 
ined mainly to branches of Bachmann's bundle and fibers 
‘of this structure do not show evidence of spontaneous dia- 
-stolic depolarization or automatic impulse initiation.’ (3) 




















.enced electrocardiographers are unable today to separate 
facts from assumption when the problem of left atrial auto- 
: maticity is being discussed. 


obtaining the pulmonary arterial wedge pressure with the - 


Finally, as pointed out by Cohen and Scherf, even experi- 





Recent studies from our respective laboratories which 
were not discussed in the editorial by Cohen' and Scherf 
have also suggested that ectopic impulses may arise in the 
left atrium. These studies, like their predecessors, are by no 
means completely conclusive. Mirowski et al.? studied atri- 
al activity with bipolar electrodes directly implanted in the 

atrial wall of the in situ heart. Simultaneous recordings 
from several such electrodes strategically located within _ 
the atria yielded information that was suggestive of the site - 
of initial activation, the sequence in which the various. 
parts of the atria were activated and the direction followed - 
by the activation process. The electrode recording the ear- - 
liest electrical activity was: assumed to be located not far 


from the impulse-forming center although such an assump- - 


tion need not always be true unless an infinite number of 
electrodes are used. This. study demonstrated the occur- 
rence of a wide range of spontaneous atrial dysrhythmias i in 


addition to those induced by the destruction of the sinus 


node, vagal stimulation or ventricular. pacing, in which the 
electrode at the left atrial site was. depolarized before the . 
right atrial electrodes. Conceivably such a sequence of acti- 


vation could also occur with impulses arising outside the 


left atrium as well, as correctly pointed out by Cohen and 
Scherf. 

Wit et al? have recently described the consistent pres- 
ence of fibers with pacemaker potentials i in the anterior mi- 
tral valve leaflet of the canine heart. Atrial muscle fibers. 
extend into the mitral valve leaflet from the atrial wall. 
Such muscle fibers generate action potentials that have 
many characteristics similar to those of the atrioventricular 
(A-V) or sinus nodes. Spontaneous diastolic. depolarization 
occurs in such fibers after superfusion with catecholamines 
or the application of slight tension. 'This spontaneous dia- 
stolic depolarization results in automatic impulse initiation 
in the valve leaflet which can readily propagate into and 


activate the anteromedial left atrial wall. Cohen and Scherf 


point out that in previous studies. manipulation of atrial 
strips, cuts, pressure or the absence of a normal blood sup- 


ply may damage muscle cells, lead to loss of potassium and 
result in impulse initiation. We do not believe that this is 
the reason for impulse initiation in fibers of the mitral 


valve since under the same experimental conditions atrial 
muscle in the anteromedial left atrial wall did not show 
spontaneous diastolic depolarization or initiate automatic 
impulses. Therefore, it appears that single left atrial mus- 
cle fibers in the mitral valve are consistently capable of im- 
pulse initiation under relatively physiologic conditions; at 
least under the same conditions in which right atrial “spe- 
cialized" fibers have been shown to initiate spontaneous 
impulses. These findings should dispel the contention 
about the scarcity of spontaneous impulse initiation in left 
atrial fibers, at. least in the canine heart. In addition, the 
studies of Fenoglio et al.!? have demonstrated that mitral 
valve muscle fibers that initiate spontaneous impulses are 
ultrastructurally identical to working atrial muscle cells. - 
This finding suggests that even under nonpathologic condi- - 

tions, spontaneous impulse initiation can occur in certain 
cardiac muscle fibers that cannot be identified by virtue of 
specific structural features. Therefore, failure to demon- 
strate pacemaker fibers in the left atrium on a structural 
basis should not be taken to indicate the absence of fibers 
with such physiologic properties. "However, such a demon- 
stration using isolated tissue. preparations and microelec- 
trode recording techniques still has disadvantages, the 
major one being the lack of demonstration of such impulse 
formation in the mitral valves of the intact in situ canine 
heart. Finally, a similar demonstration of spontaneous im- 
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in several 








pulse initiation in mitral valve muscle fibers in the human 
heart is necessary to strengthen further the thesis that such 
fibers in the mitral valve may be a common site of origin of 
ectopic impulses arising in the left atrium. 


Andrew L. Wit, PhD 
College of Physicians & Surgeons 
۱ Columbia University 
۰ ۱ ۱ E New York, New York 


Arthur L. Bassett, PhD 

University of Miami Medical School 
Miami, Florida ۱ 
OM. Mirowski, MD, FACC 

_ Sinai Hospital of Baltimore 
Baltimore, Minen i 
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REPLY 


We have carefully chewed! the letter by Wit, Bassett and - 
Mirowski and note that in all essential points the authors - 


agree with our conclusions. In an editorial, as opposed to a 
review, a complete listing and discussion of the pertinent 
literature is impossible and not required. Thus, we omitted 
discussion of the studies by Hoffman and Cranefield! and 
Mueller? on the effect of. diminished potassium and calci- 
. um on impulse formation in common myocardial fibers, as 

well as those by Sleator et al? 3 on the action of low temper- 


A ature and many others. — 


| ^. We are of the opinion that. histologic examination does 
۱ - not permit recognition of pacemaking fibers in the atria. 
` Soe specialized fibers have repeatedly been described 








half centur 

ond sinus node in the left atrium by Segré.4 — — 
Multiple direct leads do not yield reliable. information 

about the. spread of the excitation; i in numerous papers con- 


cerning the circus movement in atrial flutter and fibrilla- 


tion the results obtained. are at best compatible with a 
reentry movement but do not prove it. 

The paper by Wit et al. was not available when our edito- 
rial was submitted and when we proofread the galley. How- 
ever, impulse formation in the muscle fibers of the anterior 
leaflet of the mitral valve “after superfusion with catechol- 
amines and tension,” which diminishes the blood supply to 
these fibers, does not, as the authors themselves state, give 
completely conclusive results concerning the presence of 
functional pacemaker cells under physiologic conditions. 

Our statement that “one must assume that under abnor- 


E | mal conditions impulses may be generated i in the left atri- 
n. E 


ds in agreement with the opinion of Hoffman? that 





ments and claims made by some authors about the diagno-: 
` sis of left atrial rhythms; at present one should not be dog- 


us with Schott. 


. Rothberger CJ, Sacks A: Bhythmicity and automatism: in the mammalian left aurt- References - 


y Toda N: Barium-induced automaticity in relation to calcium ions and norepinephrine, : 
, Cranetield PF:  Electrophysiology of the Heart New: York, McGraw Hi, 


2 
3 

A under conditions which alter. contraction. Am J Physiol: 206:270-282, 1964 . 
5 


. Mirowskl M, Lau SH, Bobb: GA, et ak: Studies: on left. atrial automaticity in dogs. Circ | 


. 6. ` Scher D, Schott A: ‘Extrasystoles | and allied. arrhythmias, 2. London, Heinemar 


I would like to raise the following points in regard tother 


lin’s original formula? The peak ransaortic gradient. 


ns of the atria in the literature of the last — 
We. mentioned only the description of a sec- 









LETTERS TO THE. 


*under usual conditions the muscle fibers of the atr r 
ventricles are not automatic." E 
In closing we offer the following comments. We 1€ 
doubted the existence of left atrial rhythms, but their 
quency in man is not established. With our present know 
edge of the subject we do not agree with sweeping state-- 


























matic about the electrocardiographic criteria for diagnosing. 

these rhythms. 
The problem. of impulse formation i in thé left atrium 

discussed i in Greater detail? in the new ی‎ Y by 


| New an <u Coll 
New York, New York ۱ 
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sino-auriculaire du systeme ue conduct : 


B iud Year Book Publishers, : Tm. p 547-553 D 


i TRANSVALVULAR GRADIENT IN AORTIC STENOSIS 


cent editorial by Moscovitz and Gelb!: 

1. No distinction is. made throughout the. paper bet ec 
the peak transaortic. gradient. (the pressure differenc 
tween the maximal left ventricular and the maximal a 0 
systolic pressures) and the mean systolic gradient (the di 
ference between the 1 mean systolic pressures across t 
tic valve). The mean transvalvular gradient is the only 
pressure difference that meaningfully correlates with 
aortic valve orifice area, as recognized by Gorlin and Go 








pends on variables other than orifice size, such as the si 
of downstream pressure measurement, and should not be 
relied upon to predict the severity of the stenosis. 1 j 

2. Nowhere in the editorial or the references given. is. 
there convincing evidence that the mean aortic gradient in. 
aortic va lvular stenosis can be varied independently: of : 


(a. Ta the article P Perloff et aL, 3 although peak. ttansao- l 
tic gradient decreased. with increasing peripheral vascular 
resistance in some cases. during. angiotensin infusion, the 
mean gradient remained proportional to the transaortic 
flow, as evidenced by the unchanged value of the calculated 
valve area (table 2, page 351). 

b. In the authors' own illustrations (Fig. 1 and 2) no in- 
formation is given on the stroke volume during the onset. 
and cessation of coupled. ventricular pacing and, unless it- 
could be demonstrated that stroke volume did not change: 
significantly, the hypothesis that the gradient changes were. 
due to alterations in contractility remains unproved. d 

c. In their Figure 3, a decrease in transaortic systolic gra- 
dient was observed (70 to 25 mm Hg) when the abdominal. 
aorta was compressed i in experimental aortic stenosis. By. 
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plication of s Ea of ‘Gorin and Gorlin, and as- 
ng that mean and peak gradients underwent parallel 
ges in this case, such a decrease in. gradient could be 
y explained by a decrease of one third in stroke output 
(an 8.4 to 5 ratio, which are the square roots of 70 and 25 


ufficient to explain the changes in gradient without the 


other variables. _ 

d. The references to Vogel and Blount’ and و‎ 
and Ebert? apply to. muscular stenosis (right- and left- 
sided respectively), and are therefore not pertinent. | 


he evaluation of aortic stenosis cannot be overemphasized, 
nce as mentioned above, the Stroke volume will change in 
roportion with the square root of the gradient. The impli- 
ation is that relatively small changes in cardiac output will 
reatly influence the height of the. transvalvular gradient. 
our laboratory the Gorlin formula for orifice size, which 
slates these variables, continues to be a reliable predictor 
the severity of valvular stenosis and correlates well with 
ical signs and the findings i in the operating room or the 
Opsy: table. . 





Raul E. Falicov, MD 


| . The. University of Chicago 
. Chicago, Illinois 
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by no means an exception. The main thrust of our edi- 
rial was to question the interpretation of the measured 
ransvalvular gradient in fixed orifice aortic stenosis at any 
iven point in time, rather than an attack on the Gorlin for- 


ief of aortic stenosis are chosen’ solely on the basis of an 
bsolute figure for the peak gradient. 'The transvalvular 
adient is too often. considered i in light of the minute car- 
ác output, rather than stroke volume; little attention is 
id to the modifying effects of systemic. hypertension or 
he use of drugs. such as propranolol, nitroglycerin or atro- 
i ine, which may Have been | pu before or during the car- 


spectively). Inspection of the aortic flow signal of the top. 
of the figure reveals that this appears to be precisely the ` 
case. Again the relation between pressure and flow appears - 


need to invoke the influence of peripheral. resistance or - 


.3. The critical importance. of measuring the stroke out- . 
ut in conjunction with the mean transaortic gradient in - 


| Department of Medlofte/Cardlology | 


1. Moscovitz HL, Gelb 1J: Should the transvalvular gradient in aortic stenosis be meä- - 
2, . Gorlin R, Gorlin SJ: Hydraulic formula for talculation of the area ‘of stenotic mitral ^ 
^5. valve, other cardiac valves and central circulatory. shunts. Am Heart 441:1-29, 1951 - 


Vogel JHK, Blount SG Jr: Masked infundibular pulmonary obstruction in ventricular — 
act ` cle or in the peripheral resistance. Our. plea is not to aban- 


- don the Gorlin formula or to downgrade the value of the 


ditorials are designed to be m jid those that 
hallenge the universal applicability. of the Gorlin formula | 


nula itself. Unfortunately, many candidates for surgical re- 





diac catheterization. Examples. of the eae effect of 
electroaugmentation of ventricular performance. or changes 
in systemic resistance were also briefly cited to emphasize ۱ 
the inconstant nature of the transvalvular. gradient i in fixed 
orifice aortic stenosis. 

In addition, Dr. Falicov is no doubt ; aware of the work of | 


the following investigators: "24 
1. Bache et al.,! who found that i ihcreases in ! mean systole 
ic pressure gradient during. exercise were less than predict- .. 


ed from corresponding increases in mean ao tic flow. The. 


result in these cases of isolated valvular aortic stenosis. was. 








an apparent increase in computed aortic valve a 
2. Marcus et al," who found that amyl nit te i 


aeu] left ventricular. and. aortic: ‘pressures 


creased, at a time when. stroke. volume. remained w un- E EC 


changed. 

3. Hoffman et al,? who demonstrated that during paired : 
pacing, the maximal systolic pressure in the: ventricle is in- 
creased and that this effect is significantly m e marked | 
when the ventricle is under the stress of outlet stenosis. It 









is well accepted that changes in stroke output need not ac- 


company the positive. inotropic effect of paired pacing if 
the effective mechanical rate is kept constant.. 
4. Fallen and Gorlin,* who noted glaring inconsistencies 


when isoproterenol or phenylephrine. was. ‘infused into pa- ۱ 
tients with aortic stenosis. In Table 2 of their paper, Pa- ..— 
tient P was found to have a resting aortic. valve gradient. of | 


45 mm Hg with a cardiac index of 2.4 liters/min per m?. - 
After isoproterenol, while the cardiac index rose to 40 li- ` 


ters/min per m^, the gradient paradoxically fell to 38 mm DM 


Hg. Two other patients in their series (D and S) démon- . 
strated a reduction in gradient after phenylephrine, while 


` the cardiac index actually rose. 


One would have to conclude from the results of these ob- 


. servations that i in patients with fixed orifice aortic stenosis, 
- either the area of the stenotic valve actually changed or an - 


alteration took place in the contractile nature of the ventri- - 


transvalvular gradient measurement, but rather to empha- 
size the changing nature of such measurements in the life 
history of a patient's valvular disease and to take the entire 
clinical picture into full account when recommending surgi- 


. cal relief. 
. Howard L. Moscovitz, MD, FACC 
- fra J. Gelb, MD, FACC 
Mt. Sinai Hospital 
New York, New York 
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3 نت‎ REVIEWS 


M TEXTBOOK OF CORONARY CARE, edited by Lawrence E. 
p Meltzer, and Arend J. Dunning. Philadelphia, Charles Press, 
vu ` Amsterdam, Excerpta Medica, 1972, 820 pages, $18. 50 

E Meltzer and „Dunning have edited a solid, authoritative text 
on coronary care with an impressive contributors’ list of 74 





^ international authorities. This has (almost). everything. 
.. you've wanted to know about. coronary care but have been 
`: unable to obtain easily. The development and current sta- 
TM po nt uU care are 6 described i in the oy written 





i "Rie end di aie of ۳ a left و‎ 





E farction, | bioinstrumentation in coronary care, use of 
.. computers and electrical hazards in a coronary care unit. 













iography is more than. adequate and the editors have 





re those of almost any text with multiple authors—a 
un unevenness of caliber and style and lots of repeti- 


The lani on the diagnosis of acute myocardial infarc- 


tion is erudite but really represents a primer on. electrocar- - 


p _diography, presenting information readily available i in suit- 


` able texts on the subject. The chapter on enzyme alter- | 


om ations does not discuss. adequately curves of creatine phos- 
-. phokinase production or the value of serial measurements 
2d assessing the extent of infarction and their utility as pos- 
^ sible: prognostic indexes. Criteria for the definition of shock 
— to include a systolic pressure of “30 mm Hg less than basal 

level" ina hypertensive patient are. probably not sufficient- 






ly rigid. By this definition, ‘patients with systolic [ pressures ۱ 


as great as 180 to 200° mm Hg may be considered to be in 
shock. Because the prognosis of such patients. should be 

. much better than that of someone with, for example, a sys- 
— tolic pressure of 40 to 50 mm: Hg, assessment of efficacy of 
| therapeutic. interventions i in the group with shock i is diffi- 

| tto evaluate.  . 

The section on yT of arrhythmias i is thorough, 
tha ‘superb description of relevant: anatomic consider- 
1 relation to the rest of the volume, it is perhaps 

۱ ince several of the same. points. are presenten 




















4 ry good and a bit more. However, recent interesting 
research. nto the possible hazards of raising a moderately 
slow heart. rate. to higher. levels has been. omitted. The 
niques a are = Covered. ‘thoboughly. but é are fragmented into ‘too 
many separate chapters that might have been combined. 
Some of the sections concerning surgical considerations 
deserved. tighter editing. The chapter on surgical treatment 


of ventricular dyssynergy presents worthwhile information . 


that is somewhat side-tracked by considerable discussion of 
 "preinfarction" angina (an inexact categorization). The 
chapter on surgical treatment of left ventricular failure de- 
scribes one patient with severe left and right heart failure. 









| ough, well referenced, well. presented, clearly superior. & 
"The book should: serve as a standard reference on 
subject for 1 many years. It is a “winner” and is recomme 
ed highly t to all concerned with the many pe: of 


failure, shock, surgical complications. of acute myocardial | 


In general, the various chapters are well presented, the 


nade a special attempt to include additional pertinent ref- 
er ces right up to the publication date. The book's prob- 


struction. To previously published collections of medic 
















treated successfully with bypass grafts but does fst a 
quately present the fairly uniform poor results of the. b: 
pass procedure in such patients. 

"These criticisms refer to relatively small areas ina ‘the 


nary care. 
Teak A. Kuhn, wo. FAC 


traps, ‘often e a e e No rca these teach 
exercises in clinical logic have continued. to: fascinate 
dents of f medicine i Since the turn of the e aS 








is 5 the e of fDr. of The Mas Cabot "i a a Hes 


surgical, neurologic and orthopedic clinical pathologic: ۱ 
conferences, is added this cuisvanding: volume c pr 50 prob =: 
lem cardiologic cases. D 

The principal contribution: of each exercise. is an v excel ۱ 
lent clinical discussion followed by a thorough elucidatio 
of the pathologic - findings. For many, however, eal | 
spice will be found in the fascinating case selection. We are. 
treated to such unusual and. startling entities as issection 3 
of the pulmonary artery, mycotic aneurysm of the co e 
artery, myxoma of the left atrium with « coronary embolism, 7 
varicella myocarditis, rheumatoid aortitis, cor triatriatum, - 
Loeffler’s endocarditis, rupture ofa myocardial abscess in. 
an infarct with hemopericardium. The discussants chosen - 
to meet. these complicated. diagnostic challenges represent 
a good cross section of illustrious workers in the field of | 
clinical cardiology. They provide uniformly lucid analyses 
and add informative current comments that emphasize the 
technological revolution that. has overtaken cardiology m 
the pee decade. ۱ ۱ 














Howard L.. Moscovitz, M MD: 
New York, New York 
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۱ Innovative applic 


l Astrup P, et 


3 Factors i in the genesis 
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New drugs affecting lipid metabolism. Kritehevsky D. 
Lipids 9:97-102, Feb 74 (92. ref. Ds 


۱ _ ANTIHYPERTENSIVE, AGENTS | 


The use of aptronolactone in the diagnosis and the 
treatment o 
- -.mineralocorticoi 
LT Am Meat d: 8 


ypertension. associated with 
excess. Beevers DG, et al. 
04-14, Sep. T3 (114 ref.) 


Vi | STENOSIS - 












n "Congénital, ¢ compared: with. acquired valvular aortic 


stenosis. Helfant- RH 
"Cardiovasc . Cin 5: 65-75, 1973 (23 ret.) 


| ARRHYTHMIA 


Clinical aspects of. ine antiarrhythmte actions of 


beta-receptor blocking drugs, 1. Pattern of response 


of common- arrhythmias. ‘Singh | BN. 
NZ Med J. 78: 482-8, - A2 Dee 73 . 





| ARTERIAL OCCLUSIVE DISEASES 


Diagnosis and. management. of. peripheral: arterial 
occlusive disease. Moore. "WS, et al 
Curr Probi Sur -63, “Nov. 73. 

l ns of extra-anatomic 


ns 
reconstruction. | Haid. SP, et 






Surg Clin North Am 54: هر‎ Feb 74 (39 ret. ) 
۱ ARTERIOSCLEROSIS - 


۱ Fat metabolism, atherosclerosis and aging in man: a 


review. Bierman EL. 


Mech Ageing Dev 2:315-32, Oct-Nov 73 (26 ref) — 
Carbon magnons, à smoking, ۱ and atherosclerosis. ; 


th Am. 56:323-50, Mar 74 (70 ret. 
l Vascular enzyme and the relevance of their study to 





: Med Clin Nor 


problems of atherogenesis. Zemplényi T. 
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of atrial fibrillation in rheumatic | 
i, 
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2 The interaction: ‘betwen een.  Antracapiilaty and tissue 
forces in the. overall ‘Reguistion of interstitial fluid 
^ volume, | Taylor - AE, ET 
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al. 
Lymphology 8: 192-208, ‘Dee 7$. (83. ref.) 





CARDIOVASC! ILAR DISEASES 


Reiter's disease: a review with special attention to 


- Intracardiac surgery with. extraco 





irdicvascular and iol ib ‘Good. AE. 
Semin Arthritis Rheum 3: 253-86, Spring. 34 (127 ref. ) 


CEREBROVASCULAR DISORDERS - 


` Nervous system lesions. dn the ‘congenital rubella - = 


syndrome. Rorke LB. 
Arch Otolaryngol 98: 249-51, Oct 3 as ret) 


CORONARY DISEASE - 


۰ Coronary artery disease and gnasathesta: را ری‎ of : pc i 
management in the. patient: presenting. for general- DI E Ss tt 


surgery. Juno P. 


Anaesth Intensive Care 2: 54-7, ‘Feb 74 (6 ref) tus 
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N Engi J Med 289: 1125-9, 22. Nov 73. (54. ret) | fram 


DIGITALIS GLYCOSIDES - 

Clinical pharmacology and therapeutics: use of digital 
glycosides. Doherty JE, et al 

Drugs 6:182-221, 1973 (58. ref) z 
menn. (fourth of four parts). Smith TW, et al. oni 


N Engl J Med 289:1125-9, 22 Nov 73 (54 ref) | v os 


ELECTROCARDIOGRAPHY 


The application of electrocardiographic seteening and l 
exercise teating to preventive. cardiology. Froelicher | 
VF. Jr. Prev. Med 2: 592-607, Dee 73 2 ref.) 


ENDOCARDITIS, BACTERIAL 


Role of i surgery in the treatment of primary Infoctive 
endocarditis. Black S, et al 
Am 3 Med 58: 357-69, Mar ۹ (60 ferr 


ENDOCARDITIS, SUBACUTE 


BACTERIAL. 


A modern view of infective endocarditis. Linde LM, et 
al. Cardiovase (Clin 5: 15-34, 1978 (71 ref.) 


EXERCISE TEST 


The application: of. هی یه‎ Sh screening and 
exercise testing to preventive cardiology. Froelicher 
VF are Prev Med. 2: 592-607, Dee. 13 E: 72 ref.) 


ss EXTRACORPOREAL CIRCULATION 


Intracardiae surgery with extracorporeal circulation in 
infants: indications and results. Bonchek LI, et al. 
Ann Thorac Surg 17: 226-95. Mar 74 (28 ref.) 


HEART | 


Regulation of cardiac PEE E in clinical neirt ی‎ 
disease. Interactions | between contractile state E E 


mechanical: ‘abnormalities. and: ventricular - 
compénsatory | mechanisms. Mason. DT. 


Am J. Cardiol. 32:437-48, 30 ‘Sep. 75 x ns ref. wr 3 
| HEART | DEFECTS, CONGENITAL | 







oral aralan. 
infants: Indications and- results. Bonchek- ‘Ld, et x 
Ann Thorac Surg 17: 280-95, "Mar JA. (28. rr 





? Citations obtained from the National Library of Medicine": & MEDLARS Retrieval Program--Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and. an explanatory editorial, appeared in 
the September 1971 issue (Am J Cardiol 28: 366—967, 1971). 
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LYMPHATIC SYSTEM oe THROMBOPHLEBITIS - 


. The interaction. between noe oles and tissue err E 
forces in the overall ion of interstitial fluid — — Nuclear medicine. techniques in the diagnosis of deep. x 

volume. "Taylor AE, al. — vein thrombosis. - ‘Henkin. RE, et al ر‎ 
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lendar of 0 0 ۱ 


T National. Committee dor: + Continuing 
ical. ‘Education, i 
Ç, ‘Chairman, announces the folowing 
lendar of programs. : 














A program is designed to. “enlarge 





the recognition. and treatment. of 





ed objective of each progam as well as 
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Cardiology and the 
7 Oriented System A 
_ torship in the Practica ن‎ of 
. the System. J. Willis ! 


a 5 2 ses School of Medicine, Atlan- 





. FACC and Leo | 


- " b of: Tennessee at “Nashville, 
apes کک‎ Tenn. MR i 





em Philadelphia, Pa. "ud oe 





۱ : ۱ ۰ E ce FACC ge ec se 
` Scottsdale Hilton, : 2 سید‎ ada 


| | Myocardial Ischemia: A Clini- 
7 eal Frontier. ‘Suzanne B. 
. Knoebel, FACC and Borys Su- 


Wiliam L (ff, MD, : 


vledge and. clarify. the endlessly chang- — 
frontiers which mark scientific. achieve- E 


jovas cular disease. Although the discip- - 


j Arthur. Selzer, | FACC, actor. D 
‘Pacific. Medical - Center, ‘San 


Problem ۱ 
Hurst, l 


| FACC, director. Emory Univer- | 


A ‘Symposium on. |-Cardiovas- | 
 cular Nursing. Fred D. Ownby, ۱ 


5 FACC, co-directors. . University 3 


Ed- ۱0۵۷.2 O— 


EN mrs Be Motor Hotel, B 







inuing Medical Education Progra ms ۱ uw 


5 its content, ee and faculty are primarily 
۱ ‘determined by the Program Director, the Na- 
tional Committee for Continuing Medical Ed- 


ucation always exercises the prerogative of 


final review and approval, whether. the pro- ۱ 


gram is sponsored solely by the College or 


in collaboration. with universities, colleges, 
hospitals. and various other brotéssional SO- | 


cieties. 
. Subject matter reflects national. interest 


and needs. in the fields of patient care, re- 


| rawicz, FACC, directors. indi- 
| ana University Medical Center, 
pao ind. 


OCT. | New Techniques. and Con- 


11-12 ^ cepts in Cardiology: 1. Clini- 
cal Uses of Echocardiography 
Hu. Treatment of. Coronary Àr- 
tery Disease. Stephen E. Ep- 
stein, FACC, director. The 
Shoreham Americana. Hotel, 


Washington, b. C. 


OCT. Problems in Acute Myocardial 


Infarction: William. BE ‘Grace, 


15-17 
o FACC, ‘director and Richard J. 


Kennedy, FACC and James T. | 


Mazzara, FACO, co-directors. 
St. Vincent’ S Hospital and 
Medical Center, New. York, 
N.Y. 


ography and Pulse. Record- 
ing—Workshop. Morton - .E. 
Tavel, FACC, director. Meth- 
 odist Hospital. Graduate. Medi- 
cal Center, indianapolis: ‘Ind. 


o NOV. —— Cardiology for the Consultant: 
4-13 0 


A Clinician’ $ Retreat. 3 Grey 


cho Santa Fe Inn, Rancho 
_ Santa Fe, Calif. ۱ 


"NOV. A | Recent Advances and Cur- 


7-9 ..— rent Concepts in Coronary 





provides a unique oppo 


Core Curriculum: Phonocardi- 


` Dimond, FACC, director. Ran- 


search and 4. thaching.- The pregram struc- 


tures vary. in method of education. NT 

The National Committee for Continuing d ur 
Medical Education. in ‘the College’ earnestly 
solicits the interest of member and non 
member . physicians. alike ‘in ‘continuing ed 





cation for the clear reason tha participation 


one's. understanding: of heart تمیق‎ dd 


most formidable and challenging heal us ۱ 


problem: of our time. 


| Artery £ Disease. Edmund H. : 5 


: Sonnenblick, FACC, director. — 


۱ Sheraton Boston ‘Hotel, Bos- 
` ton, Mass. ۱ 


DEC. > ree in ‘Heart Disease 
5-7 1975. Dean T. Mason, FACC, 
`. director. Fairmont Hotel, San 
Francleco, Cali. | 


DEC. . | Clinico-Pathologic Correta- | 


5-8. tions In Cardiovascular Dis- ۱ 


. . ease. Wiliam- C. Roberts, 
. FACC, director. Williamsburg 
. Conference Center, Williams- 
`. burg, Va. 


DEC. .. Colloquia. in. . Cardiology — 
11 . Number 7: Echocardiography. 
mE Robert W. Oblath, FACC and 

. Ronald Danzig, FACC, direc- . 
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Aedical Opinion (March 1974). When 








. 52.8 years; in 1970 an infant was ex- 
4 pected to live 67.7 yéars. Life. expec- 


B tancy has also been modestly increased 
for persons reaching the age of 20 
- years. In 1900 a 20 year old could ex- 
`. ` pect to live 47.9 more years; in 1 970 he 
` gould expect to live 50.1 more years. 
9 But fora person attaining the age of 30- 
.. years or more there has been no signifi- 


. cant advance in life expectancy: A 40 


Hs year. old man in 1900 could. expect to 
|. Ave 31.2 more years; in 1970, only 31.7 
STI = more s 






cal Opinion introduced the 


of modern medicine overwhelm us. 


." The implication. is that the ad- 


vances in. medical research and patient 
care have not been worthwhile in pro- 
longing life expectancy. Such data re- 


quire thoughtful reflection. Infant and | 


` childhood: mortality have been drastical- 

` ly reduced. There is also reason to be- 

lieve that many young patients with con- 
jJ heart le: 





ane expectancy of their peers 


to various degrees. For example, as- 


sume that an infant with an untreated 
congenital heart defect. is expected to 
survive less than 0 years. Af the condi- 
tion is repaired he could be expected to 
live to age 50. The increased— but still 


shorter than average— survival time 
would adversely affect survival statistics - 


of a 40 year old age group to which the 


patient belonged to a greater degree 
than the statistics of a 1 year age group 


. to which he belonged. The medical suc- 
.. cesses for the young will reflect as 


` medical failures if eventually these ‘‘sal- 


| “vaged” persons die at an age younger 


Statistics published. in. 1970 by Lew and ۱ 
60۱626۲ of the Metropolitan Life Insur- - 
oo . ance Company have been. republished | 
enn! LE 
< ` projected from birt 
-— . hat significant - advances have been | 
.. made in life expectancy in this country - 
ever the last 70 years. For example, in 
1900 an infant was ‘expected to live 


these data reveal 


d "Subject by saying: “Lest our enthusiasm 
about the magnificent accomplishments - 


ess wh 0 survive ‘childhood | 
e da 2 30 or 40 سم‎ ۱ 





than that expected of their chronologic 


peers. | 
This factor might be of moderate im- 


portance in the. apparent decrease in 


longevity of adults; many. other appar- 


ently more significant factors cannotbe | 


readily controlled by medical science, if 


indeed they can be controlled at all. For | 
example, cigarette ‘consumption - -has 


progressively increased since 1900. 


The apparent etiologic Significance. of 
cigarette smoking in bronchogenic: car- 
cinoma is generally accepted. Medical 


research may. well develop. better ways 
of treating this. disease. and gradually i in- 
crease the life expectancy of its vic- 
tims. But i is it unreasonable. to speculate 
that if the cancer victim had not smoked 
excessively he might not have had can- 


cer and might have attained the Biblical. 


"three score years and ten”? 


Coronary artery disease has reached i 
|. of the. 33,629 men tht dd o fe a killed r 


epidemic proportions. in our population. 


| We know that the risk of sudden death. 
is increased 6.5-fold in patients who | 
Smoke more than one pack of ciga- 
rettes a day, and have an elevated. cho- 


lesterol level (in many persons control- 


lable by a prudent diet) and hyperten- - 


sion. The first two risk factors. are self- 


imposed: A person could eat a more 
prudent diet; he could choose not to 
smoke. These are not considered true 
medical decisions. Diagnosis and treat- - 


ment of hypertension are true: medical 
concerns although adherence to a med- 
ical regimen requires the cooperation of 
the patient. If hypertension were the 
only risk factor people “carried,” the in- 


crease in the likelihood of sudden death | 
before age 59 would be 3.5-fold. rather 
than 6.5-fold. A number of epidemiolog- E 
ic studies have detected a correlation 
between blood pressure and sodium in- ‌ث‎ 
take. it may be reasoned that if our 


countrymen did not add salt to prepared 
food, there might. bea decrease in the 


incidence and severity of hypertension 


and a reduction in the influence of this 
risk factor on survival data. — 

Friedman and Rosenmann found that 
the incidence of heart disease is gener- 
ally increased in persons they classify 
as having a type A behavior pattern. 
They state that more than 90 percent of 


`. life expectancy may be. reduced 
. what people do to themselves. - 


‘the 1940 population of this co tr 


` can lives; Vietnam, through Oct 


these conflicts, 200, 000 of the 292, Wo 


World War Il and the subsequent dec- 
ade. Thus, all other things. being: equal, 
life expectancy data should be better 
for the 30 year old man in 1975 than 
they were for the 30 year old. man in 
1945, If no further wars took place, this. 
| statistical: “improvement” would occur 





“heart attack victims" are "type A 
with a well defined personality marked 
by a compelling sense of time urgency, 
aggressiveness and competitivene: 1 
usually combined with free-floating hos- 
tility. They furthermore indicate that the 
type A personality can be changed 
the less coronary-prone type. B p 
ality. Here, again, is an example of. 































. This country lost. 292, 100. “hie 1 
World War Il (1 of every 0 persor 


The Korean conflict cost 33, 629 1 


1972, cost 45,603 lives. One. might re 
son that if we had not been involved 


of 50 and 70 years and another. 20, pre 














nig 
ge because of the "Baby: boor 


even if medicine made no advances be- 


۱ tween now and 2000 AD. 


‘In 1973 a total of 55,600 persons 


died in traffic accidents. The number 


might have been greater if it had not 


` been for medical research. It is predict- 
ed that 8,500 fewer highway deaths will 


occur this year than last year, partly as 
a result of the energy crisis—the reduc- 
tion of the speed limit to 55 miles/hour 


and the presence of fewer cars on the 


highway. The point is that life expectan- 
cy can be reduced by the driving habits 
of our population and it can be in- 
creased, albeit by a small fraction of 1 
percent, by a change in these habits. 
Driving habits are not considered to be 
modified by medical research. 


















































dà: to themselves. and vate medi- 
Scientist cannot be concerned. with 
ioeconomic - problems. But is this 
Medicine should concern itself with 
aspects of the heaith of the people, 
specially those factors that impair the 
uality or quantity of life. Medicine 
hould be concerned that the life ex- 
ectancy of a 40 year old: man in 1900 
s 31.2 years and in 1970 was 31.7 
ears, regardless of the explanations. 

It is possible that the life expectancy 
the 40 year. .old man might be in- 
reased more by motivating people to 
Continue smoking. and to drive less 
an 55 miles/hour, with the seat belt 
‘buckled, than by directing efforts to by- 
ass. "surgery for patients. with. angina 
ectoris, or ا‎ for patente: 





na winter evening, 25. years ago, 


۱ college of Cardiology. ‘They s were > Franz 
roedel, Max Miller and Philip Reichert. 
ater they invited the trustees of the 
w` York Cardiological. ‘Society to join 





esponded. Then we were 14 . 
. We started a drive. for membership 








n eting had an attendance of 400. Any 
estion as 0 ‘the. need for this new 
llege was obviously answered by this 
attendance. ‘Through the years the 
ombership. has steadily - grown, . 25 
years later it is now 10,000. What is the 


nal growth? 

We can answer this. best by looking 

the. background. against. which the 

College. functions—the - spread. of. car- 

cede. knowledge. it all. began. in 1628, 
v Wil ۱ 





the blood through the arteries.‏ مار 
it took another 100 years before any-‏ 


de was able to measure that force, ; 


hr st men. sat in lan office. on Park pad 


iem as a Founding Group, and 11 men 


ind | had astonishing success. Our first. 


P ollege doing that merits. this phenome- ۱ 


3 ۱ ^with: chronic. renal feltüra; ‘But: medicine 
` should not have to. make such Choices. 


While we are conducting what might be 
considered - legitimate. biomedical re- 


search, we should also direct our ef- | 
. forts to motivating people to change life 
styles——once we have ‘unequivocal data 


indicating which changes should be 
made. For far too long medicine has not 
concerned itself with why countries 
fight, why people smoke, why they drive 
excessively fast. Is it not time to expand 
our horizons to seek new knowledge 
and new skills? | think it is. 

Medicine must become involved in 
broadening the application of social 


psychology and foster motivational re- 


search. Population. studies, large clinical 
trials such as the dietary intervention 


Studies of the National Heart and Lung 


Institute, mass screening for hyperten- 
sion and other programs are worthy of 





supp The physician n must: examine 


the way he practices. Changes. are in- 
evitable. For example, itis now. recom- 
mended that the patient found to be hy- g~ 


pertensive should be treated immediate, d 
ly, avoiding. the usual long and comfy — 
“hypertensive workup.”” - The pätient 


should be taught to take hig blood pres- 7 


sure and take- part in the decision about 1 
dosage of drugs. Only if he does. notre- - 


spond to therapy will the less common 


causes of secondary. hypertension be | 


sought. This approach. is exactly oppo- E 
site to that traditionally adv cated in in- 
ternal medicine. But the change might - 5 
be worth it, if we find it increases the ۰. 





life expectancy of the American adult. 


Henry D. Melntosh, MD, FACC 
` President ۱ 
American College of Cardiol ogy ۱ 


<: The First Quarter Century 


measurement of blood pressure was 
clinically applied. Between William Har- 
vey and Theodore ی‎ more than 
250 years! 

What a contrast to what has hap- 
pened in my own single lifetime. We 
have a whole Specialty of cardiology 
fostered by electronics, computers and 
diuretic and antibiotic drugs—a_ perfect 
avalanche of new things, a constant ac- 


 celeration ever increasing in speed, di- 


viding into specialties and subspecial- 
ties, none of them known when | started 


practice. When we three sat and han- 


dled the College. Charter 25 years ago 
we envisioned studying, teaching, learn- 


ing from each other, but in our wildest - 


dreams we did not imagine measuring 


the blood pressure of a man walking on 
the moon, a quarter of a million. miles 


away in space. All this in 25 years, and 
no sign of slowing down. 

The founding of the College. was an 
unbelievably. fortunate coincidence with 


the onset of the. rushing tide of things to 
know. We had decided that the. College 


programs must above all be clinically 


useful. This was to be a project i in which 


the. ‘members. would - be served with 


what they needed for their service to 


the sick. 


The تست‎ has been fortunate in the 


men who came to lead it. Each Presi- 
dent had a clear concept of what he 
wanted to accomplish. We had what BH 
once characterized as imaginative cre- 
ativity. | cannot mention all of it. Our 
Journal under Simon. Dack feeds the 
basic. concept; Grey Dimond with his 
idea of the Young Investigators’ Award, 
and later ACCEL™, the multimedia 
audio tape program; Dwight. Harken's 
Blue Ribbon List, the regional work- 
shops, the Fireside Conferences; Eliot 
Corday with his international Circuit 
Courses and the Bethesda Confer- 
ences. T he greatest. encouragement is 
that many of these ideas have been 
adopted. by other organizations, to the- 
great betterment of progress in medi- E 
cine. And now we are coming to. Heart n 
House, carefully planned to be the last P 
word in teaching technique. - 
American medicine faces. a ` future D 
that no one can have e temerity. or 





the courage to predict. But the Ameri- 


can College: ot Cardiology. has built itself — 
a firm. and honorable place within the. 
history: of medicine, and it will do much 
to help us face. whatever. that future 
may hold. 


` Philip Reichert, MD, FACC 
College Historian | ۱ 
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“The drug of choice 
for oral replacement 


of potassium is 





SO u ion. AMA Drug و‎ 1971, First Edition, 
۱ Chicago, American Medical Association, p. 121. 
y ee F<] 








e 
COMPOSITION: Each 15 cc. (one table- often not known. Excessive or even thera- exists, it should be promptly treated with 
spoonful) contains potassium chloride 1.5 peutic dosages may result in potassium the discontinuance of potassium adminis- 
Gm., supplying 20 mEq. of elemental intoxication. Patients should be frequently tration or other steps to lower serum levels 
potassium, in a cherry-flavored, palatable checked and periodic ECG and/or plasma if indicated, since sudden shift in plasma 
base, alcohol 496. Contains no sugar. potassium levels made. High plasma con- levels may induce potentially dangerous 
INDICATIONS: Treatment of potassium centrations of potassium ion may cause cardiac arrhythmias. 
deficiency occurring especially during cardiac depression, arrhythmias-or arrest. DOSAGE AND ADMINISTRATION: Adults, 
thiazide diuretic or corticosteroid therapy, Use with caution in patients with cardiac one tablespoonful (15 cc.) diluted in one 
digitalis intoxication, low dietary intake disease. In hypokalemic states, attention glass of water, twice daily after the 
of potassium or as a result of excessive should be directed toward the correction morning and evening meal. Larger doses 
vomiting and diarrhea. of the frequently associated hypochloremic may be indicated according to the indi- 
CONTRAINDICATIONS: Impaired renal alkalosis. vidual patient's requirements but should 
function, untreated Addison's Disease, SIDE EFFECTS: Vomiting, nausea, be administered under close supervision 
dehydration, heat cramps, and hyper- abdominal discomfort and diarrhea may due to the possibility of potassium intoxi- 
kalemia. occur. Symptoms and signs of potassium cation. Patients should be cautioned to 
PRECAUTIONS: Potassium chloride intoxication include listlessness, mental foliow directions explicitly in regard to 
should be administered with caution and confusion, paresthesia of the extremities, dilution of Kay Ciel Elixir to prevent 
adjusted to the requirements of the indi- weakness of the legs, flaccid paralysis, gastrointestinal injury. 
vidual patient, since the amount of defi- fall in blood pressure, cardiac arrhythmias, HOW SUPPLIED: One pint and one gallon 
ciency and corresponding daily dose is and heart block. When hyperkalemia bottles. 


OopPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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The more physicians 
consider the hemodynamics 





lowering blood pressure... 


Most physicians now agree on 
the importance of reducing 
blood pressure in the hyper- 
tensive patient. But high blood 


_ pressure exists, of course, only 


as part of a complete clinical 
picture. The hemodynamic 
profile of well-established es- 
sential hypertension is charac- 
terized by elevated arterial 
blood pressure, normal cardiac 
output, and increased total 
peripheral resistance. 

And so, physicians are increas- 
ingly concerned with the ef- 
fects of an antihypertensive 
agent not only on blood pres- 


sure itself but also on the 
hemodynamic pattern—in 
short, with the total effect of 
the drug. Does it indeed help 
lower blood pressure effec- 
tively? /s peripheral resistance 
reduced? Are cardiac output 
and renal functions main- 











tained? And, also, is there 
likely to be drug-induced pos- 
tural hypotension serious 
enough to pose a threat to the 
patient’s cerebrovascular 
Status? 

With this emphasis on overall 
drug performance has come a 
growing reliance on ALDOMET® 
(Methyldopa, MSD) in the 
treatment of sustained moder- 
ate hypertension. 

With its unique hemodynamic 
profile, ALDOMET has drawn 
increasing attention and ap- 
proval from physicians. First, 


of course, for its efficacy in 


i 








lowering blood pressure. But 
there are other considerations 
as well. Cardiac output is usu- 
ally maintained with nocardiac 
acceleration; in some patients 
the heart rate is actually 


slowed. Peripheral resistance D-7 


is apparently reduced. 
ALDOMET does not usually 
compromise existing renal 
function; it generally does not 
reduce renal blood flow, glo- 
merular filtration rate, or fil- 
tration fraction. And ALDOMET 
usually does not cause sympto- 
matic postural or exercise 
hypotension. 





the more physicians rely 
< Onthis unique 
antihypertensive 





Some patients on continuous 
methyldopa therapy may de- 
velop a positive direct Coombs 
test. For more details, see the 
brief summary of prescribing 
information. 

Contraindicated in active he- 
patic disease and known sensi- 
tivity to the drug. Not recom- 
mended in pheochromocytoma 
or pregnancy. It should be used 
with caution in patients with a 
history of liver disease or dys- 
function. Discontinue the drug 
if fever, abnormal liver func- 
tion, jaundice, or acquired 
hemolytic anemia occurs. 


In most cases of sustained moderate hypertension 





TABLETS, 250 mg 





smoothly lowers blood pressure 


LDOMET 


(METHYLDOPA MSD) 





For a brief summary of prescribing information, please see following page. 
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E 
Ih. mpst cases of 
sustained moderate hypertension 


TABLETS, 250 mg 


ALDOMET 
(METHYLDOPA MSD) 


smoothly lowers blood pressure 





Contraindications: Active hepatic disease, such 
as acute hepatitis and active cirrhosis; known sen- 
sitivity. Not recommended in pheochromocytoma. 
Unsuitable in mild or labile hypertension respon- 
sive to mild sedation or thiazide therapy. Use cau- 
tiously in patients with history of previous liver 
disease or dysfunction. 


Warnings: Acquired hemolytic anemia has occurred 
rarely in association with therapy with methyldopa. 
Should clinical symptoms indicate the possibility 
of anemja, hemoglobin and/or hematocrit deter- 
minations should be performed. If anemia is pres- 
ent, appropriate laboratory studies should be done 
to determine if hemolysis is present. Evidence 
of hemolytic anemia is an indication for discontin- 
uation of the drug. Discontinuation of methyldopa 
alone or the initiation of adrenocortical steroids 
usually results in a prompt remission of the ane- 
mia. Rarely, however, fatalities have occurred. 


some patients on continued therapy with methyl- 
dopa develop a positive direct Coombs test; inci- 
dence reported has averaged between 1096 and 
20%. It rarely occurs in first six months of ther- 
apy, and if not seen within twelve months, is un- 
likely to develop with continued administration. 
Positive Coombs test is dose-related; lowest in- 
cidence occurs in patients on 1 g methyldopa or 
less per day. Reversal of the positive Coombs test 
occurs within weeks to months after discontinua- 
tion of methyldopa. Prior knowledge of a positive 
Coombs reaction aids in evaluation of cross match 
for transfusions. Patients with positive Coombs 
tests at time of cross match may exhibit incom- 
patible minor cross match. When this occurs, an 
indirect Coombs test should be performed. If nega- 
tive, transfusion with blood otherwise compatible 
in the major cross match may be carried out. If 
positive, advisability of transfusion with blood 
compatible in major cross match should be deter- 
mined by hematologist or expert in transfusion 
problems. 


Fever has occurred within first three weeks of ther- 
apy, sometimes with eosinophilia or abnormalities 
in liver function tests, such as serum alkaline 
phosphatase, serum transaminases (SGOT, SGPT), 
bilirubin, cephalin cholesterol flocculation, pro- 
thrombin time, and bromsulphalein retention. Jaun- 
dice, with or without fever, may occur, with onset 
usually in the first two to three months of therapy. 
Rare cases of fatal hepatic necrosis have been re- 
ported. Liver biopsy in several patients with liver 
dysfunction has shown microscopic focal necrosis 
compatible with drug hypersensitivity. Rarely, re- 
versible reduction in leukocyte count with primary 
effect on granulocytes has been seen; reversible 
agranulocytosis has been reported. Methyldopa 
may interfere with measurement of creatinine by 
alkaline picrate method and of uric acid by phos- 
photungstate method. When used with other anti- 
hypertensive drugs, potentiation of antihyperten- 
sive action may occur. 


Usage in Pregnancy and Childbearing Age—Not 


A2 


recommended in pregnancy. In women of child- 
bearing age, weigh potential benefits against pos- 
sible fetal hazards. 


Precautions: Perform periodic hepatic function 
tests and white cell and differential blood counts 
during first six to twelve weeks of therapy or in 
unexplained fever. Discontinue if fever, abnormal- 
ities in liver function tests, or jaundice appears. 
Since methyldopa causes fluorescence in urine sam- 
ples at the same wavelengths as catecholamines, 
spuriously high levels of urinary catecholamines 
may be reported. This will interfere with the diag- 
nosis of pheochromocytoma. Discontinue drug if 
involuntary choreoathetotic movements occur in 
patients with severe bilateral cerebrovascular dis- 
ease. Anesthetics requirements may be reduced; 
hypotension occurring during anesthesia usually 
can be controlled with vasopressors. Hypertension 
may occur after dialysis because methyldopa is 
removed by this procedure. 


Dosage should be limited initially to 500 mg daily 
when following previous antihypertensive agents 
other than thiazides. Do not exceed recommended 
daily dose of 3.0 g. Patients with impaired renal 
function may respond to smaller doses than pa- 
tients with normal kidney function. Syncope in 
older patients has been related to increased sen- 
sitivity in those with advanced arteriosclerotic 
vascular disease; this may be avoided by lower 
doses. Tolerance occasionally seen either early or 
late, but more likely between second and third 
month after initiation of therapy; increased dos- 
age or combined therapy with a thiazide frequently 
restores effective control. 


Adverse Reactions: Sedation, usually transient, may 
be seen during initial therapy or when dosage is 
increased. Headache, asthenia, or weakness may 
be noted as early, transient symptoms. Symptoms 
associated with effective lowering of blood pres- 
sure, including dizziness, lightheadedness, and 
symptoms of cerebrovascular insufficiency, are 
seen occasionally. Angina pectoris may be aggra- 
vated. Symptoms of orthostatic and exercise hypo- 
tension may occur; if symptoms occur, reduce 
dosage. Bradycardia, nasal stuffiness, mild dry- 
ness of mouth, and gastrointestinal symptoms in- 
cluding distension, constipation, flatus, and diarrhea 
occur occasionally; these can be relieved by reduc- 
ing dosage. Nausea and vomiting have been re- 
ported in only a few patients. Sore tongue or 
"black tongue," pancreatitis, and inflammation 
of salivary glands may occur. 


Weight gain and edema occur infrequently; if 
edema progresses or signs of pulmonary conges- 
tion appear, discontinue drug. Rarely, urine ex- 
posed to air may darken due to breakdown of 
methyldopa or its metabolites. Other rare reac- 
tions include breast enlargement, lactation, impo- 
tence, decreased libido, skin rash, mild arthralgia, 
myalgia, paresthesias, parkinsonism, psychic dis- 
turbances including nightmares, reversible mild 
psychoses or depression, reversible thrombocyto- 
penia, drug-related fever and abnormal liver func- 
tion studies with jaundice and hepatocellular 
damage (see Warnings and Precautions), rise in 
BUN, and a single case of bilateral Bell's palsy. 


Supplied: Tablets, containing 250 mg methyldopa 
each, in single-unit packages of 100 and bottles 
of 100 and 1000. 


For more detailed information, consult your MSD 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, Pa. 19486 


Let’s make 

blood pressure , 
“required > ^ 

reading” 

for all 

physicians. 


With recent estimates that about 
23 million Americans have high 
blood pressure—and that half of 
them are not even aware of it— 
detection of the problem in 
asymptomatic persons has be- 
come an issue of national 
importance. 


Family physicians are being 
urged to take blood pressure 
readings as a matter of office 
routine, regardless of the pre- 
senting complaint or the reason 
for the visit. And because many 
people do not see a family 
physician for relatively long 
periods of time, some experts 
are suggesting that ophthalmolo- 
gists, gynecologists, derma- 
tologists, orthopedists, psy- 
chiatrists, dentists, school 
nurses, family planning coun- 
selors, and other health-care 
personnel make blood pressure 
reading a routine part of every 
examination or consultation. 


Of course, a diagnosis of hyper- 
tension cannot be made on the 
basis of asingle reading, but 
routine blood pressure readings 
can uncover potential trouble in 
a certain proportion of patients. 
And when trouble is suggested, 
further evaluation can be pur- 
sued more effectively. 


; Blood pressure- 
| “required reading" 
for all physicians. 





“Why do the majority of ICU/CC 
depend on the American Long Term 
. monitoring electrode system? 


۰ Gel cup maintains a stable col- 
umn of electrolyte. Motion arti- 
fact is reduced; adhesion loss 

due to gel squeeze out is elimi- 
+ د‎ 








e 
adhesive and the gel ©) 
retainer cup provide up to 

- seven days of reliable | 
monitoring. 


Open cell foam contributes to 
high levels of patient comfort. 


hs 


This is the system that has established 
new standards for high performance in 
long term ECG monitoring. - 

Designed for single patient use, the 
self-adhering silver/silver chloride 
electrode is pregelled with the correct 
amount of proper electrolyte. Adhe- 
sion loss and electrolyte evaporation 
are virtually eliminated by the gel re- 
taining cup. The results: Immediate 


base line stability and better long term - 


performance than any other electrode 
—reusable or disposable—is capable 
of delivering. 


Vdvanced cables 
sign provide a low 8 
life system. 


nated. 


Gel pad is saturated with the 
proper amount and type of low 
, impedance gel to deliver im- 
mediate base line stability and 
continued. zl performance. 


pd wire de- 


Open cell foam رن‎ E the ibo 
trode's mild gel formulation and low 
profile to enhance patient comfort. - 
When used as directed, American's 
Long Term Electrode provides from 
five to seven days of continuous, accu- 
rate monitoring . . . with no discomfort 
to the patient. 


This advanced electrode, used with the 


appropriate American leadwire and 


cable, is fully compatible with your 
present ECG equipment. 


A clinical trial will show you why the 
American Long Term Electrode system 
is the overwhelming choice of ICU/ 
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Fully shielded patient cables 
are available for most brands of 
ECG monitoring equipment. 


Please contact your American Hospital 


Supply or ۷۲ representative 


and ask for: 
"A demonstration of the system's 


benefits. 


= A no obligation clinical trial Ameri- 
can will supply electrodes, lead wires 
and cables to adapt to your present 
monitoring equipment during the trial 
period. 


= A total inservice for your staff. 


= Information about our nationwide 
technical support program. 


7 ۲ CCU’s throughout the country. 


rem Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 
AMERI CAN HOSPITAL SUPPLY 


CAN HOSPITAL SUPPLY PORATION ۰ Gene ad, McG 
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One of the most powerful weapons 


in man’s fight against cholesterol. 


Nes 


A low saturated fat/low cholesterol diet can be effective, 
easy to maintain and delicious with the help of Fleischmann's? Margarine and 
Egg Beaters;" Fleischmann’s cholesterol-free egg substitute. 


Of all leading margarines, only Parl * saturated fat. We even have free recipe 
ues Es , eischmanns l , 
Fleischmanns is made from 100% corn roi om 100% corn oi booklets to give patients lots of ideas on 
oil. And clinical tests show corn oil is toni 9 sensible eating. To receive your sample 
unsurpassed in lowering serum choles- à US Chi} Ê copy of Dietary Control of Cholesterol 
terol levels. Fleischmanns Margarine E and “Cooking with Egg Beaters, write 
brings that corn oil goodness and deli- See toFleischmanns, P.O. Box 1538, Elm 
cious taste to your patients diets. And | = PUE awe B City, North Carolina 27898. Allow 4-6 
Egg Beaters, Fleischmanns cholesterol- < Du E weeks for delivery. Offer good only in 
free egg substitute, lets patients enjoy sr 8 E U.S.A. while supply lasts. Address must 
the taste and nutrition of eggs. but no Im 1 include zip code. Void where prohibited. 
cholesterol. Yes, Fleischmanns helps a ۹ ۲ © 
butter-and-egg man enjoy a delicious, 
sensible diet thats low in cholesterol and 


Fleischmann’s makes sensible eating delicious. 
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Also, mild to moderate hypertension. 
Contraindications: Pre-existing elevated serum 
cause small bowel stenosis with or without 
TO KEEP POTASSIUM LEVELS UP Sf ho 
been reported in 4% of patients under 60 years. 
a thiazide alone. If spironolactone is used 
concomitantly with ‘Dyazide’, check serum 
blood dyscrasias, liver damage or other idio- 
syncratic reactions. Blood dyscrasias have been 
‘This may result in fetal or neonatal hyperbili- 
rubinemía, thrombocytopenia, altered carbo- 
studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post- 
patients. Concomitant use with antihypertensive 
agents may result in an additive hvpotensive 
constipation. other gastrointestinal distur- 
bances. Rarely, necrotizing vasculitis, pares- 


* eo * 
AL Before prescribing, see complete prescribing ۰ 
information in SK&F literature or POR. The 
۰ * 
potassium. Hypersensitivity to either com- 
ponent. Continued use in progressive renal or 
in 12% of patients over 60 years. and in less 
than 8% of patients overall. Rarely. cases have 
potassium frequently — both can cause potassium 
retention and sometimes hyperkalemia. Two 
reported in patients receiving Dyrenium 
(triamterene, SK&F). Rarely, leukopenia. 
hydrate metabolism and possibly other adverse 
reactions that have occurred in the adult. When 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible 
effect. 
Adverse Reactions: Muscle cramps. weakness, 
thesias, icterus, pancreatitis, and xanthopsia 
have occurred with thiazides alone. 


following is a brief summary. 
: Indications: Edema associated with congestive 
heart failure, cirrhosis of the liver. the nephrotic 
Y * 1 ۰ * Trademark ae i 5 i ۱ i UE NP : 
Each capsule contains 50 mg. of Dyrenium? (brand of triamterene) "^ E hepatic dysfunction or developing hyperkalemia. 
and 25 mg. of hydrochlorothiazide. Warnings: Do not use dietaryspotasstum supple- 
been associated with cardiac irregularities. 
Accordingly. check serum potassium during 
therapy, particularly in patients with suspected 
deaths have been reported in patients on such 
combined therapy (in one. recommended 
dosage was exceeded: in the other, serum elec- 
thrombocytopenia, agranulocytosis. and aplastic 
anemia have heen reported with the thiazides. 
/atch for signs of impending coma in acutely 
used during pregnancy or in women who might 
bear children, weigh potential benefits against 
possible hazards to fetus. 
nitrogen retention, decreasing alkali reserve 
with possible metabolic acidosis, hyperglycemia 
and glycosuria (diabetic insulin requirements 
dizziness, headache, dry mouth: anaphylaxis: 
rash. urticaria, photosensitivity. purpura, other 
dermatological conditions: nausea and vomiting 
Supplied: Bottles and Single Unit Packages of 
100 capsules. 
SKSF CO. 


syndrome; steroid-induced and idiopathic 
edema; edema resistant to other diuretic therapy. 
ments or potassium salts unless hypokalemia 

TO KEEP BLOOD PRESSURE DOWN rior missin emt 
impaired. Enteric-coated potassium salts may 
or confirmed renal insufficiency (e.g., elderly or 
diabetics). If hyperkalemia develops, substitute 
trolytes were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible 
ill cirrhotics. Thiazides are reported to cross the 
placental barrier and appear in breast milk. 
Precautions: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic 
may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical ۰ 
(may indicate electrolyte imbalance), diarrhea, 
Carolina, P.R. 00630 

Subsidiary of SmithKline Corporation 
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Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method— 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY -INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
Cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by ¥% to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


€ COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN, 06856 ۸ 73 6 138274 
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152 ee r Myocardial In Infarction. A Controlled d Study s n E 
an CH, . PEE  MAEDER, JEAN-CLAUDE ! HAISSLY, Jose | FELIX and 





HENRY BLACKBURN - 


This controlled study. supports the ı now 4 corménly acdapted d clinical practice: of —— mobilization m progres- - 
sive activity programs for. patients with uncomplicated myocardial farction. In. the early mobilization group, the — 
T. patients left the. hospital earlier; had less overall disability and s F wed no ‘statistically significant differences 
from. the control group in hospital or followup. mortality, rate. of. infarction, arrhythmias, heart failure, angina 
pectoris, ventricular aneurysm or results of an exercise test. 
` Continued on page A 13 

































= BETTER EQUIPMENT— 


A ed the new Avionics Model 
3600 ExerStress™ Console... 


1. Automatic Blood Pressure Monitor 
: 2. Four-Channel Memory Scope 
`. 3. Standard 12-lead Capability 
4, Accurate Heart Rate Meter 
` 5.ST-Segment Computer With PVC bio? 
...6. Automatic Timer For Activating ECG 
. Write-out. ۱ 

7. Three-Channel ECG Writer 
. 8. Digital Display of Treadmill Speed 
. 9. Digital Display of Treadmill Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 
12, Automatic Programmer For 
Controlling Treadmill 


13. DC Defibrillator 

` 14, Work Area 

15: XY Charter of ST-Segment, Heart 
. Rate, and Time 

`. 16. Storage Areas | 

17. Treadmills: Finest Quality 
Available 











Hu BETTER SERY 1 E full service و‎ and maintenance contracts available... 


Compare the quality and performance of our system ۰. Ask any competitor to bring and demonstrate his 
-with all others. We'll bring the entire system, including complete system to you, including. treadmill. exercising. 


^ the treadmill, to your hospital, clinic, or office and.con- If he refuses, that should tell you something! if you. 
< -duct an actual stress test under your control, You can want the best, we’ ve got it and we're iA to. bring it. 
.. prove the superior performance and diagnostic quality to you. | 

of our system to your own satisfaction. | For action, » just use the coupon below. 





. AVIONICS SALES & SERVICE CENTERS 


m Stamford a Miami — — = Montreal St.Louis = San وی‎ en 
. w Baltimore | » Cincinnati | w Chicago - zn 2 wDalas ^  . " Seattie E ۱ 
o" | Atlanta . Detroit - ۱ ۱ €* cael ۱ E ۱ ۳ " Los Angeles - ۳ a " Brussels | 









D Please send me your Exercise Stress Test Heart Monitoring brochure. 1 would liket to 
know more about this new system. 


C Send the literature, and schedule me for a visiting demonstration. 
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. AVIONICS BIOMEDICAL DIVISION 
` -Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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.. jection. of technetium-99m: permits accurate measurement: of left heart function: without the need for left heart 

S catheterization. Left. ventricular ejection fraction and end-diastolic volume determined by this technique corre- 
o lated well with similar measurements obtained from left cineventriculotraphy. : | 
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“Wên; you 1 Buy ye your Holter Monitor’ “and glec i 
 trocardioscanner?, you are getting the 
know-how and. back-up of the company — 
that pioneered. and established. Dynamic ` 
_Electrocardiography®, along with the 

. . 8availabi aye ot 15 Sales ¢ and service centers 
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AVIONICS BIOMEDICAL DIVISION. 
Del Mar Engineering Laboratorios, 6901 West Imperial Highway, Los PRSE ee California 90045/Phone: (213) 641-7700 
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Multi-Department Monitors 


With rising overhead costs, mul- ery and Operating rooms, and 
tiple-use equipment is of critical for ECG and ExECG procedures. 
importance. Burdick offers inter- Check the applications of Bur- 
departmental versatility to ex-  dick's interchangeable pream- 
tend your coronary care skills in plifiers and integral heart rate 
a variety of critical areas—with meter for even greater versatility. 
a minimum investment in instru- Call your Burdick dealer for a 
mentation! demonstration, or write 
‘Burdick monitors he Burdick Corporation, 
move from area to Milton, Wisconsin 53563. 
area — ICU, CCU, 
Emergency, Recov- 
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250. Acupuncture Anesthesia for x Open H Heart i Surgery. A A Case e Report 


ARNOLD M. KATZ 


This case report based on personal: observations of an eminent i 'cirdiologic investigator provides interesting 
` data on the use of acupuncture anesthesia. in a 17 year old Chinese youth undergoing open heart surgery for 
the arene of a ventricular cc defect. | PNG qae 


Continued. on page ۸19 ۱ 





















Impaired cardiac status...straining at 
stool may be hazardous... 


Restricted physical activity... often, 
major changes in customary daily 
routine...constipating medications... 


SENOKOT Tablets or Granules, taken at 
bedtime, generally induce effective, yet 
comfortable evacuation in the morning 

... help avoid straining. 





Supplied: SENOKOT Tablets (small, 
easy-to-swallow) — Bottles of 50 and 100. 
SENOKOT Granules (delicious, cocoa- 
flavored) —4, 8 and 16 ounce (1 |b.) canisters. 


(standardized senna concentrate) 
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CORRECTION 


In the article by Vincent L. Gott in the March issue of the Journal (Gott VL: Out- 


look for patients after coronary artery revascularization. Am J Cardiol 33: 
431—437, 1974), the name of the first author in Reference 31 was omitted. The 
correct reference is as follows: Oberman A, Jones WB, Riley CP, et al: Natural 
history of coronary artery disease. Bull NY Acad Med 48:1109- 1125, 1972. 
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Wouldnt it be 
nice if nitroglycerin. 
alone were the 
answer? 
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For the angina’ patient who 
may need more than nitroglycerin: 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80 mg 


Prolonged prophylaxis with minimum side effects. 


"Ihe E uy haj LN eee ye? "Me (occid b oon tine T] this indic- fion ۷ hriot “ADD DO VF) 


Peritrate SA 


Sustained Action 


(pentaerythritol tetranitrate)80mg 


CAUTION: Federal law prohibits dispensing 
without prescription. 


Each tablet of Peritrate SA Sustained Action 
contains: pentaerythritol tetranitrate 80 mg 
(20 fng in immediate release layer and 60 
mg in sustained release base). Peritrate® 
(pentaerythritol tetranitrate) is a nitric acid 
ester of a tetrahydric alcohol (pentaerythritol). 


Indications: Based on a review of this 
drug by the National Academy of 
Sciences — National Research Council 
end/or other information, FDA has 
classified the indications as follows: 

"Possibly" effective: Peritrate 
(pentaerythritol tetranitrate), is indicated 

. for the relief of angina pectoris (pain 

associated with coronary artery dis- 
ease). It is not intended to abort the 
acute anginal episode but it is widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a his- 
tory of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 

(pentaerythritol tetranitrate) during the earlv 

days of the acute phase of myocardial infarc- 

tion (the period during which clinical and 
laboratory findings are unstable) are insuf- 
ficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions: Side effects reported to 

date have been predominantly related to rash 

(which requires discontinuation of medica- 

tion) and headache and gastrointestinal 

distress, which are usually mild and transient 
with continuation of medication. In some 
cases severe persistent headaches may 
occur. 

In addition, the following adverse re- 
actions to nitrates such as pentaerythritol 
tetranitrate have been reported in the 
literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with postu- 
ral hypotension may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 

(pentaerythritol tetranitrate) 80 mg (b.i.d. on 

an empty stomach), 1 tablet immediately on 

arising and 1 tablet 12 hours later. 

Supplied: Peritrate SA Sustained Action 

(pentaerythritol tetranitrate) 80 mg, double 

layer, biconvex, dark green/light green tab- 

lets in bottles of 100 and 1000. 

Additional Dosage Forms: Peritrate 20 mg— 
light green, scored tablets; Peritrate 10 mg— 
light green, unscored tablets. Bottles of 100 
and 1000. Full information is available on 
request. 


Warner/Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 
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WANT FASTER SERVICE? 


If you... Change your Address? 


, . . Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


AFFIX LABEL 


۱۴ you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


NAME 


TITLE 


COMPANY 


ADDRESS 


OUT رت‎ STE ER 





Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
to c9 9 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 
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100% Pacemaker 


Analysabilit 
Vitatron Medical 


The present generation 
Vitatron Medical pacemakers 
are completely analysable 
during implantation. 











The digital pacemaker 
analyzer MPA 1 allows post- 
operative determination of 
all important pacemaker 
parameters such as elec- 
trode impedance in ohms 
and stimulation threshold 

in mA. 


A regular review of the data 
will determine the run down 
of a pacemaker's lifetime 
well in advance. 


Use of Vitatron Medical 
VCA pacemakers eliminates 
the need for elective 
pacemaker replacement. 


The Vitatron Medical analysis 
system enables a near 100 % 
utilization of the pacemaker 
lifetime, reducing replace- 
ment to an absolute 
minimum. 





For detailed technical information contact: 


Vitatron Medical B.V., 

P.O. Box 76, 

NL 6210 Dieren, Holland 

Phone 08330 - 90 10, Telex 45058 


Vitatron Medical Inc., 
45 A Street, 

South Boston, 

Mass. 02127 (USA) 


Phone (617) 269 - 8445, Telex 940280 
Vitatron (UK) Ltd. VITATRON Q [^ 


Boyn Valley Road 


Maidenhead/Berkshire M 23 DICAL 
Phone Maidenhead 28944/5, Telex 84498 
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film processing, 7 
quality. Right? . 

Wrong. 

The Mark 16/35 automatically 
processes all 16mm and 35mm B/ W 
films, cine fluorography (diagnostic 
cardiology), to 5Û feet per minute. 
And you still get all the clarity and 
tonal reproduction of theater-quality . 
motion pictures. 


The Mark 16/35 is constructed 
of 316L stainless steel inside and out 
for years of maintenance-free operation. 


* 


"Ones the magazine is |ui 
(with up to 1250 feet of film,) all 
۲ processing is done in normal room 
light. Anyone can become an expert 
film processor with an hour's 
practice. It's that easy. 

So take the first step to true 
quality control. Contact us or your 
nearest Oscar Fisher dealer. 


| OSCAR FISHER 
CO., INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 


























ANXIETY OR STABLE ANGINA PECTORIS? 


DIFFERENTIAL DIAGNOSIS OF ANXIETY 
AND STABLE ANGINA PECTORIS 


ANXIETY PARAMETERS | STABLE ANGINA PECTORIS 


































over left over sternum, 
chest or often spread- 
variable ing across 
LOCATION the chest 
OF 
PAIN 
generally to either or 
none both arms, 
neck, or jaw, 
or any 
RADIATION combination 
OF thereof 
PAIN 
from less usually sub- 
than one sides within 
minute to 1 to5 
several hours DURATION minutes 
OF 
PAIN 
sharp, stabbing pain pressure or heavy 
or dull discomfort discomfort 
CHARACTER 
OF 
PAIN 
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tiredness exertion, 
or emotion, emotion, 
but often eating, cold 
none weather, 
PRECIPITATING lying down 
FACTORS 
lying down, stopping 
sedatives effort, 
s sublingual 
FACTORS nitrates 
۰ GIVING 
RELIEF 
normal, or a ۱ 
postexercise 
unctional ELECTRO- _ stress- 
J-point) CARDIOGRAM induced, 
depression transient 
of S-T segment S-T segment 


as seen in many 
healthy persons and not 
significant of coronary disease 


depression 
(flat or downsloping), 
disappearing with relief of pain 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS”... 


۰ provide prophylaxis 
against anginal 
attacks often caused 
by unavoidable 
everyday stress 


reduce the severity 
and frequency of 
angina pectoris attacks 


& 


(ISOSORBIDE DINITRATE) 


SCORED, ORAL TABLETS: 5 mg. and 10 mg. 


* Indications: Based on a review of this dru 
by the National Academy of Sciences—Nationa 
Research Council and/or other information, 
FDA has classified the indication as follows: 
"Possibly" effective: When taken by the oral 
route, Isordil is indicated for the relief of an- 
gina pectoris (pain of coronary artery disease). 
It is not intended to abort the acute anginal 
episode, but is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 
Final classification of the less-than-effective 
indications requires further investigation. 














Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
ا‎ other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


we send you reprints, detailed information‏ ی 
and/or professional samples?‏ 


IVES LABORATORIES INC. 


685 Third Avenue, New York, N.Y. 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 
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Introducing INTROPIN (dopamine HCI) 
for the correction of hemodynamic imbalances in the shock syndrome 
due to: myocardial infarction, trauma, endotoxic septicemia, 
open heart surgery, renal failure 
and cardiac decompensation as in congestive failure. 


Complete product information and a Clinical Reprint Order Form appear on the last two pages of this advertisement. 


INTROPIN ‘dopamine HC can increa 
without the high ri 


Intropin is indicated for the correction of hemodynamic imbalances in the shock 
syndrome due to: myocardial infarction, open heart surgery, renal failure and P 
chronic cardiac decompensation as in congestive failure. ۱ ۱ | 
The pharmacological actions of Intropin appear to differ significantly from other 
catecholamines. Over 6 years of clinical trials at more than 30 teaching 
hospitals have shown that Intropin can increase cardiac output, 
vital organ perfusion and renal flow with a low incidence of 
undesirable effects. 








INTROPIN usually will: 


increase perfusion to vital organs 
Multiclinic trials have demonstrated that Intropin provides 
adequate perfusion of vital organs. This is based upon a number 
of clinical parameters including an increase in urine flow which 
appears to be one of the better diagnostic signs of increased 
vital organ perfusion. 

At doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. 


Increase urine output 

Intropin significantly increases urine flow. This is in contrast to 
most other sympathomimetic amines, which usually cause little 
or no significant increase in urine output. 

This increased urine output is due to increases in glomerular 
filtration rate and renal blood flow and is accompanied by 
increased sodium excretion. Intropin may also increase urine 
flow in patients whose urine output is within normal limits and 
may promote diuresis usually with no decrease in osmolality. 


increase cardiac output 

Intropin acts predominantly on the beta receptors of the heart to 
substantially increase contractility, stroke volume and cardiac 
output, as confirmed by invasive technique. 


increase blood pressure 

Hypotension due to inadequate cardiac output can be managed 
by administration of low to moderate doses of Intropin. Prognosis 
is better in patients whose blood pressure and urine flow have 
not undergone profound deterioration. Therefore, it is suggested 
that the physician administer Intropin as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes 
evident. 


ardiac output and vital organ perf usion 
if undesirable effects. 


Patients most likely to respond adequately to Intropin are those in whom urine flow, myo- 
cardial function and blood pressure have not undergone profound deterioration. Mul- 
fo. ticlinic trials indicate that the shorter the time interval between onset of signs and 
(B symptoms and initiation of therapy with volume correction and Intropin, the bet- 
ter the prognosis. Survival rates are considerably improved when Intropin ther- 
apy is initiated within 4 hours of onset of symptoms. 
As with all potent drugs, Intropin must be administered under close 
medical supervision. It is administered only by I.V. drip after dilution in a 
suitable |.V. solution. 


INTROPIN usually will not: 


cause excessive myocardial oxygen consumption 
Intropin produces less increase in myocardial oxygen 

consumption than isoproterenol. During administration of 

Intropin, the myocardial oxygen supply/demand ratio has usually 
remained stable. Intropin appears to meet additional myocardial 
oxygen requirements by increasing coronary flow. 


substantially increase tachyarrhythmias 
One investigator reported less than a 396 incidence of 


tachyarrhythmias in clinical trials in 270 patients. The 
tachyarrhythmias which occurred were easily managed. 


increase total peripheral resistance 

Administration of Intropin, at low and intermediate dosages, 
generally does not increase total peripheral vascular resistance. 
Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. 









Serious undesirable effects seldom occur. 
In multiclinic studies, adverse reactions necessitated 
discontinuation of Intropin therapy in only 11 (296) of 
526 patients. 


Additional product information and a Clinical Reprint Order 
Form appear on the following pages. 
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INTROPIN ioni: HCl) 


9 ml. AMPUL / FOR I.V. INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3,4-dihydroxyphenethylamine hydrochlo- 
ride, a naturally-occurring biochemical catecholamine precursor of norepinephrine. 


The chemical structure is: 


HO CH,CH,NH, ۰ HCI 


C,H,,NO, « HCI HO Mol. Wt. 189.65 


Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water 
and soluble in alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of 
dopamine hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for 
Injection, USP, containing 196 sodium bisulfite as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an 
increased cardiac output. INTROPIN produces less increase in myocardial oxygen 
consumption than isoproterenol and its use is usually not associated with a tachy- 
arrhythmia. Climical studies indicate that INTROPIN usually increases systolic and 
pulse pressure with either no effect or a slight increase in diastolic pressure. Total 
peripheral resistance at low and intermediate therapeutic doses is usually unchanged. 
Blood flow to peripheral vascular beds may decrease while mesenteric flow increases. 
INTROPIN has also been reported to dilate the renal vasculature presumptively by 
activation of a “dopaminergic” receptor. This action is accompanied by increases in 
glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances 
present in the shock syndrome due to myocardial infarctions, trauma, endotoxic 
septicemia, open heart surgery, renal failure, and chronic cardiac decompensation 
as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander 
or whole blood should be instituted or completed priorto administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physio- 
logical parameters, such as urine flow, myocardial function and blood pressure, have 
not undergone profound deterioration. Multiclinic trials indicate that the shorter the 
time interval between onset of signs and symptoms and initiation of therapy with 
volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better 
diagnostic signs by which adequacy of vital organ perfusion can be monitored. 
Nevertheless, the physician should also observe the patient for signs of reversal of 
confusion or comatose condition. Loss of pallor, increase in toe temperature, and/ 
or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before 
urine flow has diminished to levels approximating 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number of oliguric or anuric patients, administration 
of INTROPIN has resulted in an increase in urine flow which in some cases reached 
normal levels. INTROPIN may also increase urine flow in patients whose output is 
within normal limits and thus may be of value in reducing the degree of pre-existing 
fluid accumulation. It should be noted that at doses above those optimal for the 
individual patient, urine flow may decrease, necessitating reduction of dosage. 
Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—Increased cardiac output is related to INTROPIN's direct 
inotropic effect on the myocardium. Increased cardiac output at low or moderate 
doses appears to be related to a favorable prognosis. Increase in cardiac output has 
been associated with either static or decreased systemic vascular resistance (SVR). 
Static or decreased SVR associated with low or moderate increments in cardiac output 
is believed to be a reflection of differential effects on specific vascular beds with 
increased resistance in peripheral beds (e.g. femoral) and concomitant decreases 
in mesenteric and renal vascular beds. Redistribution of blood flow parallels these 
changes so that an increase in cardiac output is accompanied by an increase in 
mesenteric and renal blood flow. In many instances the renal fraction of the total 
cardiac output has been found to increase. Increase in cardiac output produced by 
INTROPIN is not associated with substantial decreases in systemic vascular resis- 
tance as may occur with isoproterenol. 


Hypotension—Hypotension due to inadequate cardiac output can be managed by 
administration of low to moderate doses of INTROPIN, which have little effect on 
SVR. At high therapeutic doses, INTROPIN's alpha adrenergic activity becomes more 
prominent and thus may correct hypotension due to diminished SVR. As in the case 
of other circulatory decompensation states, prognosis is better in patients whose 
blood pressure and urine flow have not undergone profound deterioration. Therefore, 
it is suggested that the physician administer INTROPIN as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes evident. 


Shalt og circ INTROPIN should not be used in patients with pheochromo- 
cytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected 
tachyarrhythmias or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inacti- 
vated in alkaline solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior 
to the administration of INTROPIN will require substantially reduced dosage. Dopa- 
mine is metabolized by MAO, and inhibition of this enzyme prolongs and potentiates 
the effect of INTROPIN. The starting dose in such patients should be reduced to at 
least one-tenth (1/10) of the usual dose. 


January, 1974 


Usage in Pregnancy—Animal studies have revealed no evidence of teratogenic 
effects from INTROPIN. The drug may be used in pregnant women when, in the, 
uy AM of the physician, the expected benefits outweigh the potential for risk to 

e fetus. j 


Usage in Children—The safety and efficacy of this drug in children has not 
been established. INTROPIN has been used in a limited number of pediatric patients, 
but such use has been inadequate to fully define proper dosage and limitations for 
use. Further studies are in progress. 


PRECAUTIONS: Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

If a disproportionate rise in the diastolic pressure (i.e., a marked decrease in the 
pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should 
be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 

Although in clinical trials inadvertent subcutaneous infiltration did not produce 
any evidence of necrosis, the usual precautions should be taken to avoid extravasation. 

Close monitoring of the following indices—urine flow, catdiac output and blood 
pressure—during INTROPIN infusion is necessary as in the case of any adrenergic 
agent. 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical 
evaluation of INTROPIN included ectopic beats, nausea, vomiting, tachycardia, 
anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Other adverse reactions which have been reported infrequently were aberrant con- 
duction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blood pressure. 


DOSAGE AND ADMINISTRATION: 


WARNING: THIS IS A POTENT DRUG. IT MUST BE DILUTED BEFORE ADMINISTRA- 
TION TO PATIENT. 


Suggested Dilution—Transfer contents of one ampul (5 ml. containing 200 mg. 

INTROPIN) by aseptic technique to either a 250 ml. or 500 ml. bottle of one of the 

following sterile intravenous solutions: 

1)Sodium Chloride Injection, USP 

2) Dextrose 596 Injection, USP 

3) Dextrose (5%) and Sodium Chloride 
(0.9%) Injection, USP 

4) 5% Dextrose in 0.45% Sodium Chloride 
Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 


INTROPIN has been found to be stable for a minimum of 24 hours after dilution 
in the sterile intravenous solutions listed above. However, as with all intravenous 
admixtures, dilution should be made just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline 
intravenous solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously 
through a suitable intravenous catheter or needle. An i.v. drip chamber or other 
suitable metering device is essential for controlling the rate of flow in drops/minute. 
Each patient must be individually titrated to the desired hemodynamic and/or renal 
response with INTROPIN. In titrating to the desired increase in systolic blood pres- 
sure, the optimum dosage rate for renal response may be exceeded, thus necessitat- 
ing a reduction in rate after the hemodynamic condition is stabilized. 

Administration at rates greater than 50 mcg/kg./min. have safely been used 
in advanced circulatory decompensation states. If unnecessary fluid expansion is of 
concern, adjustment of drug concentration may be preferred over increasing the flow 
rate of a less concentrated dilution. 


Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until 


onua venous pressure is 10 to 15 cm H,O or pulmonary wedge pressure is 14-18 
mm Hg. 


2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute 
INTROPIN in patients who are likely to respond to modest increments of heart force 


5) Dextrose (5%) in ۱۵01۵160 5 
Solution 

6) Sodium Lactate (1/6 Molar) 
Injection, USP 

7) Lactated Ringer's Injection, USP 


and renal perfusion. 


In more seriously ill patients begin administration of diluted solution at doses of 
5 mcg./kg./minute INTROPIN and increase gradually using 5 to 10 mcg./kg./minute 
increments up to 20 to 50 mcg./kg./minute as needed. If doses of INTROPIN in 
excess of 50 mcg./kg./minute are required, it is suggested that urine output be 
checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have 
shown that more than 50% of the patients were satisfactorily maintained on doses 
of INTROPIN less than 20 mcg./kg./minute. In patients who do not respond to these 
doses with adequate arterial pressures or urine flow, additional increments of? IN- 
TROPIN may be employed in an effort to produce an appropriate arterial pressure 
and central perfusion. 


3. Treatment of all patients requires constant evaluation of therapy in terms of the 
blood volume, augmentation of myocardial contractility, and distribution of 
peripheral perfusion. Dosage of INTROPIN should be adjusted according to the 
patient's response. 


4. As with all potent intravenously administered drugs, care should be taken to 
control the rate of administration so as to avoid inadvertent administration of a 
bolus of drug. 

OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood 
pressure elevation, reduce rate of administration or temporarily discontinue INTRO- 
PIN until patient's condition stabilizes. Since INTROPIN's duration of action is quite 
short, no additional remedial measures are usually necessary. If these measures fail 
to stabilize the patient's condition, use of the short-acting alpha adrenergic blocking 
agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 mil. ampuls containing 40 mg. dopamine HCI per milliliter. 


ARNAR-STONE LABORATORIES, INC. 


A Subsidiary of American Hospital Supply Corporation 
Mount Prospect, Illinois 60056 


ASL 04-74-4019 
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The art of antianginal therapy 


For centuries, treating the heart’s ills has been the subtlest of 
arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


Persantine — over a decade of use 


During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris. * It may: 


eliminate or reduce the frequency of anginal attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Persantine — give enough — long enough 


The recommended dosage: 50 mg. t.i.d. atleast one hour 
before meals. Give enough, long enough — several weeks or 


longer of continuous therapy may be needed to see response. 


Persa nti ne: of 25 mg. 


dipyridamole 


the non-nitrate 
coronary vasodilator 


Medieval Engraving 
Engraving of a heart 
and the child 

Jesus, surrounded 
by cherubs. The 
transcription states, 
"Whoever holds Him 
in his heart is as- 
sured of eternal joy.” 


The engraving was 
made by “E.S.” in 
1467. It is in a col- 
lection of engravings 
in Berlin. 





*INDICATIONS - Based on a review of 
this drug by the National Academy of 
Science-National Research Council 
and/or other information, FDA has clas- 
sified the indication as follows: 


"Possibly" effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the 


frequency or eliminate anginal epi- 
sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 


CONTRAINDICATIONS - No specific contra- 
indications are known. 


PRECAUTIONS - Since excessive doses can 
produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS - Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or syncope, mild 
gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 
gina pectoris have been reported, usually at 
the initiation of therapy. On those uncom- 
mon occasions when adverse reactions have 
been persistent or intolerable, with- 

drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION - The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see 
the full prescribing information. 
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‘healthy’ 


It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 


DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


Based on efficacy and economy, DIUCARDIN provides a good 
beginning for many hypertensive patients. New DIUCARDIN 


90 mg. Tablets. For mild to moderate hypertension Ayerst. 
and adjunctive therapy for many types of edema. Ayerst. 


Diucardin 
(hydroflumethiazide 


diuretic/antihypertensive 





(See prescribing information on next page.) 
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NEW FROM AYERST 


For the “healthy” hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


diuretic/antihypertensive 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 


The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: Hypertension: DIUCARDIN alone may provide adequate 
control in mild or moderate hypertension. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
quately, DIUCARDIN may be used in conjunction with other antihyper- 
tensive agents. 


DIUCARDIN alone or in conjunction with other antihypertensive agents 
is indicated for control of hypertension in pregnancy. (See WARNINGS) 


Edema: DIUCARDIN is indicated as adjunctive therapy in edema asso- 
ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
steroid and estrogen therapy. 


DIUCARDIN is indicated in severe edema during pregnancy. (See 
WARNINGS) 


DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e.g. nephrotic syndrome, acute glomerulo- 
nephritis, and chronic renal failure. 


CONTRAINDICATIONS: Anuria, oliguria. Hypersensitivity to 
DIUCARDIN or other sulfonamide derivatives. 


The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug may 
occur in patients with impaired renal function. 


Use with caution in patients with impaired hepatic function or pro- 
gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 


Use with caution when hydroflumethiazide is administered in con- 
junction with other antihypertensive agents. Lowering of dosage of 
these agents is usually indicated. Thiazides potentiate ganglionic or 
peripheral adrenergic blocking drugs. 


Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 


The possibility of exacerbation or activation of systemic lupus erythe- 
matosus has been reported. 


Usage in Pregnancy and During Lactation: Thiazides cross the pla- 
cental barrier and also appear in breast milk. Consequently, they may 
cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and other adverse reactions. Therefore, the 
potential benefits of thiazide administration in women of childbearing 
age must be weighed against the possible hazards to the fetus or child. 


PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, 7.e. hypokalemia, hyponatremia, 
and hypochloremic alkalosis. All patients taking thiazides should be 
observed for signs and symptoms of electrolyte or fluid imbalance, 
namely dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension, oli- 
guria, tachycardia, and gastrointestinal disturbances such as nausea 
and vomiting. Serum and urine electrolyte determinations are particu- 
larly important if the patient is vomiting excessively or receiving 
parenteral fluids. 





If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 
coated, concentrated preparations of potassium salts. 


Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is ap- 
propriate except in rare cases when hyponatremia is life-threatening. 
In actual salt depletion, appropriate replacement should be given. 
Hypochloremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient’s condition should be made to determine whether diuretic 
therapy should be continued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 

Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its deriva- 
tives. Caution should be exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, acute pancreatitis. 
Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplastic 
anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by alcohol, 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DIUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DIUCARDIN — No. 702— Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 


References: 1. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, C.R.: Hydro- 
flumethiazide, a new oral diuretic. Lancet 2:311 (Sept.) 1959. 
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You expect a lot 
from a pacemaker 
with a 36 month 
full replacement 
warranty. 


And you get a lot 
from the IDP-54: 


An implantable R-wave- 
inhibited pacemaker for 
intracardial and myocardial 
stimulation for a low, con- 
stant stimulation threshold.* 


Low energy consuming 
circuitry and the new Mallory 
cell producing up to 4 to 5 
years operating life. 


36 month full replacement 
warranty. 


Suitability for initial implant 

or implantation in patients 

with existing implanted 

electrode systems. 

* The implantation of an R-wave- 
inhibited pacemaker has been well 
proven in the following cases: 
intermittent AV block with 
predominant sinus rhythm, recurrent 
bradycardia and second implantation 
to replace a fixed rate pacemaker 
with virtual return to sinus rhythm. 


Get to know Biotronik, the 
pacemakers known for quality. 


- BIOTRONIK SALES, INC. 
- 9228 4th Street North, 
St Petersburg, Florida 33702. 


۹ | (813) 576-5142 
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' In congestive heart failure... i 


secondary aldosteronisn 





How hyperaldosteronism leads to and prolongs edema 
in congestive heart failure" 


























Decreased renal 
Increased blood flow 

venous with decreased 
pressure glomerular 
filtration 


"i ¢ 
a? JÀ Transudation 
۵ At from capillaries 


XH 
N / Decreased 
» effective 
blood 


volume 


Chronic liver congestion 
impairs degradation 
of aldosterone 


“ADAPTED FROM COODLEY, E. 


is a primary factor 
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To “switch off" the aldosterone factor in 


congestive heart failure 


Aldactone 


spironolactone 25-mg. tablets 


the only specitic 
aldosterone antagonist... 
basic in all diuretic therapy 


Three ways to use Aldactone in 
congestive heart failure 


1. As the only diuretic 

E Often sufficient alone. 

E Produces gradual, sustained diuresis by 
blocking aldosterone action in the distal 


« renal tubule. 


۷ 


E Avoids potassium loss. 


2. As the basic daily diuretic with an "add-on" 
alternate-day-diuretic ("A.D.D." schedule) 
E Can be administered daily as basic 
therapy with the additional agent 
(furosemide or ethacrynic acid) given 
every second or third day. 

E Aldactone plus "A.D.D." schedule 
minimizes potassium deficiency and 
potentiates effect of "add-on" diuretic. 

8 Avoids acute volume depletion and 
aldosterone rebound.’ 


3. As a daily diuretic in combination with 
a daily dose of a thiazide 

E Permits daily additive diuretic effect 
while maintaining potassium balance. 


Indications—Essential hypertension; edema or ascites of congestive heart foil- 
ure, cirrhosis of the liver and the nephrotic syndrome; idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolactone), 
particularly when given with a thiazide diuretic. 

Contraindications —Acute renal insufficiency, rapidly progressing impairment of 
renal function, anuria and hyperkalemia. 

Warnings —Potassium supplementation may cause hyperkalemia and is not in- 
dicated unless a glucocorticoid is also men Discontinue potassium supplemen- 
tation if hyperkalemia develops. Usage of any drug in women of childbearing a 
requires the potential benefits of the drug be weighed against its possible 
hazards to the mother and fetus. 

Precautions — Patients should be checked carefully since electrolyte imbalance 
may occur. Although usually insignificant, Np sa din may be serious when 
renal impairment exists; deaths have occurred. Hyponatremia, manifested by dry- 
ness of the mouth, thirst, lethargy and drowsiness, together with a low serum 
sodium may be caused or ی‎ especially when Aldactone is combined with 
other diuretics. Elevation of BUN may occur, especially when pretreatment hyper- 
azotemia exists. Mild acidosis may occur. Reduce the dosage of other antihyper- 
tensive drugs, particularly the ganglionic blocking agents, by at least 50 percent 
when adding Aldactone since it may potentiate their action. 

Adverse Reactions —Drowsiness, lethargy, headache, diarrhea and other gastro- 
intestinal symptoms, maculopapular or erythematous cutaneous eruptions, urti- 
caria, mental confusion, drug fever, ataxia, gynecomastia, inability to achieve or 
maintain erection, mild androgenic effects, including hirsutism, irregular menses 
and deepening voice. Adverse reactions are infrequent and usually reversible. 

Dosage and Administration—For essential hypertension in adults the daily 
dosage is 50 to 100 mg. in divided doses. Aldactone may be combined with a 
thiozide diuretic if necessary. Continue treatment for two weeks or longer since 
an adequate response may not occur sooner. Adjust subsequent dosage according 
to response of patient. | 

For edema, ascites or effusions in adults initial daily dosoge is 100 mg. in 
divided doses. Continue medication for at least five days to determine diuretic 
response; add a thiazide or organic mercurial if adequate diuretic response has 
not occurred. Aldactone dosage should not be changed when other therapy is 
added. A daily dosage of Aldactone considerably greater than 75 mg. may be given 
if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desirable 
for patients with extremely resistant edema which does not respond adequately to 
Aldactone and a conventional diuretic. Observe the usual precautions applicable 
to glucocorticoid therapy; supplemental potassium will usually be necessary. Such 
patients frequently have an associated hyponatremia— restriction of fluid intake to 
| liter per day or administration of mannitol or urea may be necessary (these 
measures are contraindicated in patients with uremia or severely impaired renal 
function). Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless the patient 
is receiving antibiotics orally to ‘sterilize the gastrointestinal tract. 

Glucocorticoids should probably be given first to patients with nephrosis since 
Aldactone, although useful for diuresis, will not directly affect the basic pathologic 
process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per pound 
of body weight. 

References: 1. Coodley, E.: Consultant 12:106-107, 109, 111, 113, 115 (July) 
1972. 2. Thorn, G. W., and Lauler, D. P.: Am. J. Med. 53:673-684 (Nov.) 1972. 


SEARLE Searle & Co. 
San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Department 

Box 5110, Chicago, Illinois 60680 311 


Hypokalemia is generally an 
iNdication Of total body 
potassium depletion but cannot 
5e used tO predict the extent 

of depletion 


Janamee P ۲ E nd 
1 lent TA 


a simple answer to the hidden potassium dilemma 


A WELL 
DOCUMENTED 
DILEMMA: 


Hidden 

Potassium Depletion 
And Associated 
Problems 


Negative total body potassium 
۵2120106 with hypokalemia is a 
characteristic effect of all 
thiazide diuretics’ 


Chrysant SG. Frohlich ED 

5 و۱0‎ effects of antihypertensive 
ruas Amer Fam Physician GP 
8 94 101 (Jan) 1974 


^ ® GOOD TASTING KLORVESS OFFERS WHAT YOU 
AND YOUR PATIENT WANT: CONVENIENT POTASSIUM 
SUPPLEMENTATION WITH NO EXTRA CALORIES 


effervescent tablets 


Each tablet contains 20 mEq each of potassium 
and chloride supplied by potassium chloride 
1.125 g.. potassium bicarbonate O 5 L-lysine 
hydrochloride O 913 g 


THE BALANCED BENEFIT 
POTASSIUM AND CHLORIDE SUPPLEMENT 


1:1 ratio K* and Cl in solution 


e SIMPLE TO TAKE - Tablets dissolve in 3-4 oz. cold water 
e EFFERVESCENT SOLUTION —Reduces chance of G.I. irritation 
e UNIT DOSE CONVENIENCE - Tablets individually foil wrapped 





KLORVESS 
effervescent tablets 


Description: Each dry effervescent tab- 
let contains 20 mEq each of potassium 
and chloride supplied by potassium 
chloride 1.125g .potassium bicarbonate 
0.5 g.. L-lysine hydrochloride 0.913 g 
Solution of the tablet in water provides 
the potassium and chloride available 
for oral ingestion as potassium chloride. 
potassium bicarbonate. potassium cit- 
rate. and L-lysine hydrochloride 
Indications: For prevention or correc- 
tion of potassium depletion and hypo- 
kalemic alkalosis. Especially useful 
when thiazide diuretics or corticoster- 
oids cause excessive excretory potas- 
esium losses 

Contraindications: Severe renal impair- 
ment with oliguria or azotemia, un- 
treated Addisons disease, adynamia 
episodica hereditaria, acute dehydra- 
tion, heat cramps. and hyperkalemia 
from any cause. 

Precautions: In response to a rise in the 
concentration of body potassium, renal 
excretion of the ion is increased. With 
normal kidney function. it is difficult. 
therefore, to produce potassium intoxi- 
cation by oral administration. However. 
potassium supplements must.be admin- 
istered with caution, since the amount 
of the deficiency or daily dosage is not 
accurately known. Frequent checks of 
the clinical status of the patient, and 
periodic ECG and/or serum potassium 
levels should be made. High serum 
concentrations of potassium ion may 
cause death through cardiac depres- 
sion. arrhythmias or arrest. This drug 
should be used with caution in the pres- 
ence of cardiac disease Potassium sup- 
plements should be given cautiously to 
digitalized patients. To minimize the 
possibility of gastrointestinal irritation 
associated with the oral ingestion of 
concentrated potassium salt prepara- 
tions. patients should be carefully 
directed to dissolve each tablet com- 
pletely in the stated amount of water. 
Adverse Reactions: Vomiting. diarrhea. 
nausea and abdominal discomfort may 
Occur with the use of potassium salts. 
The symptoms and signs of potassium 
intoxication include paresthesias of the 
extremities. flaccid paralysis. listless- 
ness. mental confusion. weakness and 
heaviness of the legs. fall in blood pres- 
sure, cardiac arrhythmias and heart 
block. Hyperkalemia may exhibit the 
following electrocardiographic ab- 
normalities: disappearance of the P 
wave. widening and slurring of QRS 
complex. changes of the S-T segment, 
and tall. peaked T waves. 

Dosage and Administration: Adults: 1 
tablet (20 mEq. each of potassium and 
chloride) completely dissolved in 3 to 4 
ounces of cold water 2 to 4 times daily 
depending upon the requirements of 
the patient The approximate minimum 
adult daily requirement of potassium is 
40 mEq. Deviations from this recom- 
mendation may be indicated. since no 
average total daily dose can be defined 
but must be governed by close obser- 
vation for clinical effects. NOTE: 
Klorvess should be taken with meals. 
Overdosage: Potassium intoxication 
may result from overdosage of potas- 
sium or from therapeutic dosage in 
conditions stated under ' Contraindica- 
tions. Hyperkalemia. when detected. 
must be treated immediately because 
lethal levels can be reached in a few 
hours - 


Treatment of Hyperkalemia: - 

1. Dextrose solution. 10 or 25% con- 
taining 10 units of crystalline in- 
sulin per 20 g. dextrose. given I V. 
in a dose of 300 to 500 ml. in an 
hour 

2. Adsorption and exchange of potas- 
sium using sodium or ammonium 
cycle cation exchange resin, orally 
and as retention enema. (Caution: 
Ammonium compounds should not 
be used in patients with hepatic 
cirrhosis.) 

3 Hemodialysis and peritoneal di- 
alysis 

4 The use of potassium-containing 
foods or medicaments must be 
eliminated 

In cases of digitalization.too rapid a 
lowering of plasma potassium concen- 
tration can cause digitalis toxicity. 
How Supplied: 60 Tablets(2 Rx Units of 
30 effervescent tablets each). Each 
tablet is individually foil wrapped. 


Dorsey 


LABORATORIES 


Division of Sandoz, Inc. 
LINCOLN, NEBRASKA 68501 









When 


your orders 
are ignored. 










Shocked, almost contrite, 
the heart patient listens to 
your every word, including 
the low-sodium diet you 
prescribe. And he earnestly 
intends to obey. 

Thousands of dreary 
meals later, however, 
boredom has replaced 
shock, and your orders are 
ignored. He just never 
knew how much salt meant 
to him, or how much he’d 
miss it. 

Y our best defense 
is a good offense. 


Your best move may be 
to forestall his tendency to 
cheat on his low-sodium 
diet by suggesting, at the 
outset, Adolph’s Salt 
Substitute. It tastes just like 
salt and that’s why it 
cheers up the taste buds 
and correspondingly, the 
patient. This may be why 
Adolph’s is the most 
popular salt substitute, 
nationwide. - 

Beyond its good taste, 
Adolph’s is a source of 
supplemental potassium. 
Your patients will also 
like the fact that it can be 
used in cooking just like 
ordinary salt. 

Samples? 
Please write: 
Jeannette Frank, 
c/o Adolph’s Ltd., 
Box 828, Dept. 
SM, Burbank, 
California91503. 
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THERMODILUTION 


Using room temperature indicator! 





THERMODILUTION CARDIAC - 


OUTPUT METER AND 


INTEGRATOR 


€ An intermediate instrument between the simple 
bridge and full scale computer. 

€ Battery operated—no shock hazards. Rechargeable. 

e Will work with any thermistor catheter on the market; 
including Swan-Ganz balloon flow-directed catheter. 

€ Equipped with a recorder output. 

€ Provides information on the area under the dilution 
curve. (Extrapolates the dilution curvel) 

€ Price: $1,540.00 





THERMO AND DYE DILUTION 
CARDIAC OUTPUT COMPUTER 


€ Equipped with Thermodilution and/or Dye Dilution 
Densitometer 

€ Easy calibration, automatic zeroing. 

è Remote control by foot switch. 

€ Digital readout in L/min. 

e Recorder outputs. 


COLUMBUS INSTRUMENTS 


Div. of International Instruments Co. 





P. O. Box 5244 Columbus, Ohio 43212 
Telephone: (614) 488-6176 


A44 


Atthefirst sign of trouble 
Pronestyl’ Tablets 


(Procainamide Hydrochloride Tablets) 










The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with 
or without symptoms of lupus erythematosus-like syndrome. If a 
positive ANA titer develops, the benefit/risk ratio related to con- 
tinued procainamide therapy should be assessed, This may ne- 
cessitate consideration of alternative anti-arrhythmic therapy. 


Pronestyl Tablets (Procainamide Hydrochloride Tablets) are veneer- 
coatedtablets providing 250mg.,375 mg..and 500 mg. procainamide 
hydrochloride. 


` CONTRAINDICATIONS: in patients with myasthenia gravis and 


where a hypersensitivity to procainamide exists; bear in mind cross 
sensitivity to procaine and related drugs. Should not be given to 
patients with complete atrioventricular heart block. Contraindicated 
incases of second degree and third degree A-V block unless an elec- 
trical pacemaker is operative. 

ADMINISTRATION: Should procainamide therapy be continued 
for any appreciable period, eiectrocardiograms should be made 
occasionally to determine its further need. a 
PRECAUTIONS: Evidence ofuntoward myocardial response should 
be carefully watched for in all patients. In the presence of myocar- 
dial damage with atrial fibrillation or flutter, the ventricular rate may 
increase suddenly as the atrial rate is slowed, adequate digitaliza- 
tion reduces but does not abolish this danger. Ventricular tachy- 
systole is particularly hazardous if myocardial damage exists. 

The disiodgement of mural thrombi producing an embolic episode 
may occur in correcting atrial fibrillation due to the forceful con- 
tractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate 
when ventricular tachycardia has occurred during an occlusive COr-. 
onary episode or where the use of procainamide may result in addi- 
tional depression of conduction and ventricular asystole or fibrilla- 
tion as in second degree and third degree A-V block, bundle branch 
block, or severe digitalis intoxication. P 

Bear in mind when treating ventricular arrhythmias in patients with 
severe organic heart disease and ventricular tachycardia that com- 
piete heart block, which may be difficult to diagnose, may be present. 
Sinceasystole may result ifthe ventricular rate is significantly slowed 
without attainment of regular atrioventricular conduction, procaina- 
mide should be stopped and the patient re-evaluated. 

in the presence of both liver and kidney damage, normal dosage - 
may produce symptoms of overdosage—principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been reported 
with maintenance procainamide therapy. Common. symptoms are 
polyarthralgia, arthritis and pleuritic pain. Fever, myalgia, skin le- 
sions, pleural effusion and pericarditis may also occur. Rare cases 
of thrombocytopenia or Coombs-positive hemolytic anemia, pos- 
sibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procaina- 
mide for extended periods of time or in whom symptoms suggestive 
of lupus-like reaction appear; in event of rising titer (anti-nuclear 
antibody) or clinical symptoms of LE, assess the benefit/risk ratio 
related to continued procainamide therapy (see boxed Warning). 
Steroid therapy may be effective if discontinuation of procainamide 
does not cause remission of symptoms. If the syndrome develops in 
a patient with recurrent life-threatening arrhythmias not otherwise 
controllable, steroid-suppressive therapy may be used concomi- 


tantly with procainamide. 


ADVERSE REACTIONS: Hypotension is rare with oral administra- 
tion. Serious disturbances of cardiac rhythm such as ventricular 
asystole or fibrillation are more common with LV. administration. 

Large oral doses may sometimes produce anorexia, nausea, urti- 
caria, and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported 
(see Precautions). Reactions consisting of fever and chills have been 
reported, including a case with nausea, vomiting, abdominal pain, 
acute hepatomegaly, and a rise in serum glutamic oxaloacetic trans- 
aminase following single doses of the drug. Agranulocytosis has 
been occasionally reported following repeated use of the drug, and 
deaths have occurred. Therefore, routine blood counts are advis- 
able during maintenance procainamide therapy; and the patient 
should be instructed to report any soreness of the mouth. throat or 
gums, unexplained fever or any symptoms of upper respiratory tract 
infection. If any of these symptoms should occur and leukocyte 
counts indicate cellular depression. procainamide therapy should 
be discontinued and appropriate treatment should be instituted im- 
mediately. Bitter taste, diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, and hypersensitivity reac- 
tions such as angioneurotic edema and maculopapular rash have 
been reported. 

The package insert should be read carefully to become familiar 
with the recommended dosage for the indicated conditions and for 
full prescribing information. 

HOW SUPPLIED: Pronesty! Tablets (Procainamide Hydrochloride 
Tablets) providing 250 mg., 375 mg., and 500 mg. are available in 
bottles of 100. 


@1974 E.R. Squibb & Sons. Inc. 444-003 





At the first sign of trouble 





Pronestyl 


(Procainamide 
Hydrochloride) 





For premature 
ventricular 
contractions 


Now in new 
elegant, sturdy, 
easy-to-swallow, 
veneer-coated 
tablets 





G UIBB?, ‘The Priceless Ingredient of every produ ct 
is the honor and integrity of its maker.’ See opposite page for brief summary. 
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Director of 
Cardiac 


Physiology 
E 


Opportunity with progressive general 343 bed 
community/teaching hospital for dedicated pro- 
fessional with previous medical school faculty 
appointment and experience teaching cardiac 
fellows, medical residents and students. Back- 
ground must include training experience in all 
aspects of graphics and non-invasive cardiac 
studies are graded exercise testing. Board certi- 
fication in Internal Medicine and certification or 
eligibility in cardiovascular procedures required. 





Responsibilities will encompass directing non- 
invasive cardiovascular laboratory and teaching 
cardiovascular fellows and medical residents ro- 
tating through laboratory service. This will in- 
clude cardiac consultation both in the general 
hospital and on the 20-bed intensive cardiac 
care unit. Consultations are part of full-time 
teaching services. 


Laboratory involvement includes cardiac physi- 
cal diagnosis, ausculation, phonocardiography 
and interpretation of electrocardiograms, vec- 
torcardiogram systolic time intervals, holter 
monitoring and telemetry, and graded exercise 
test procedures and interpretations. 


Successful candidate will participate in cardiac 
seminars at medical school, med/surg clinic, and 
conferences. 


We offer a competitive compensation package 
and outstanding professional environment that 
affords high level of personal rewards. 


For consideration contact: 


James Champer 
Administrative Director 
LOUIS A. WEISS 
MEMORIAL HOSPITAL 
4646 N. Marine Drive 
Chicago, Illinois 60640 
AN EQUAL OPPORTUNITY EMPLOYER 








Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with 
known hypersensitivity to the drug. 

Warnings: Caution patients about pos- 
sible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against haz- 
ardous occupations requiring complete 
mental alertness (e.g., operating machin- 
ery, driving). Though physical and psycho- 
logical dependence have rarely been 
reported on recommended doses, use 
caution in administering to addiction- 
prone individuals or those who might 
increase dosage; withdrawal symptoms 
(including convulsions), following discon- 
tinuation of the drug and similar to those 
seen with barbiturates, have been reported. 
Use of any drug in pregnancy, lactation 
or in women of childbearing age requires 
that its potential benefits be weighed 
against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to 
smallest effective dosage (initially 10 mg 
or less per day) to preclude ataxia or over- 
sedation, increasing gradually as needed 
and tolerated. Not recommended in chil- 
dren under six. Though generally not rec- 
ommended, if combination therapy with 
other psychotropics seems indicated, care- 
fully consider individual pharmacologic 
effects, particularly in use of potentiating 
drugs such as MAO inhibitors and pheno- 
thiazines. Observe usual precautions in 
presence of impaired renal or hepatic 
function. Paradoxical reactions (e.g., ex- 
citement, stimulation and acute rage) 
have been reported in psychiatric patients 
and hyperactive aggressive children. Em- 
ploy usual precautions im treatment of 
anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures neces- 
sary. Variable effects on blood coagulation 
have been reported very rarely in patients 
receiving the drug and oral anticoagulants; 
causal relationship has not been estab- 
lished clinically. 

Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in 
the elderly and debilitated. These are 
reversible in most instances by proper 
dosage adjustment, but are also occasion- 
ally observed at the lower dosage ranges. 
In a few instances syncope has been 
reported. Also encountered are isolated 
instances of skin eruptions, edema, minor 
menstrual irregularities, nausea and con- 
stipation, extrapyramidal symptoms, 
increased and decreased libido—all infre- 
quent and generally controlled with dosage 
reduction; changes in EEG patterns (low- 
voltage fast activity) may appear during 
and after treatment; blood dyscrasias 
(including agranulocytosis), jaundice and 
hepatic dysfunction have been reported 
occasionally, making periodic blood counts 
and liver function tests advisable during 
protracted therapy. 

Supplied: Librium® Capsules contain- 
ing 5 mg, 10 mg or 25 mg chlordiazepox- 
ide HCI. Libritabs® Tablets containing 
5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


The Somatic Protest 


in the Postcoronary Patient... 


Physiologic reaction to 


excessive anxiety Although he has 
me valid reason for con- 
SERCO cern, the person 
GEETA EEEE GEPRAAT sae ` 
convalescing from 
myocardial infarc- 
tion may react to his 
FRE ener anara illness with dispro- 
portionate anxiety, 
which can hinder 
smooth recovery and rehabilitation. Undue 
anxiety and emotional tension may, insome 
patients—because of marked increase in 
catecholamine excretion during stay in, 
and on day of transfer from, the 
CCU — cause increased 
heart rate, increased car- 
diac output and intensified 
oxygen consumption by 
heart muscle. In addition, 
excessive anxiety can (1) 
increase feelings of frustra- 
tion 21 forced inactivity, (2) 
foster undue preoccupation 
with heart function, (3) di- 
minish capacity to tolerate 
prospect of work stress and 
(4) retard rehabilitation. A 
calm outlook and reduction 
of excessive emotional 
stress are thus desirable. 
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adjunctive 





Librium 10 m 


(chlordiazepoxide HCD) 





Antianxiety action with 


wide margin of safety 
Adjunctive antianxiety medication, when 
needed to complement counseling and 
reassurance, should be both effective and 
comparatively free from undesirable side 
effects. Extensive clinical experience has 
demonstrated that Librium (chlordiazepox- 
ide HCl) fulfills these requirements with a 
high degree of consistency. In the elderly 
and debilitated, the initial dose is 5 mg 
b.i.d. or less to preclude ataxia or overse- 
dation, increasing gradually as needed 
and tolerated. 
Librium is used concomitantly with 
certain specific 
medications of other 
classes of drugs, 
e.g., cardiac glyco- 

' Sides, diuretics and 
antihypertensive 
agents, whenever 
anxiety is a clinically 
significant factor. 
When anxiety has 
been reduced to 
tolerable levels, 
Librium therapy 
should be dis- 
continued. 









S 


10۲2 capsules t.i.d./q.i.d. 


Please see opposite page for summary of product information. 
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tolerance 
to exercise 


improved for 
angina. 
patients 


INDICATIONS: For the prophylaxis and long-term 
management of patients with frequent or recurrent 
anginal pain and reduced exercise tolerance 
associated with angina pectoris, rather than for the 
treatment of the acute attack of angina pectoris, 
since its onset of action is somewhat slower than 
that of nitroglycerin. 


PRECAUTIONS: As with other effective nitrites, 
some fall in blood pressure may occur with large 
doses. Caution should be observed in patients with 
a history of recent cerebral hemorrhage, because 
of the vasodilatation which occurs in the area. 
Although therapy permits more normal activity, 

the patient should not be allowed to misinterpret 
freedom from anginal attacks as a signal to drop 
all restrictions. 


SIDE EFFECTS: No serious side effects have been 
reported. As with nitroglycerin or other effective 
nitrites, temporary vascular headache may occur 
during the first few days of therapy. This can be 
controlled by temporary dosage reduction in order 
to allow adjustment of the cerebral hemodynamics 
to the initial marked cerebral vasodilatation. These 
headaches usually disappear within one week of 
continuous therapy but may be minimized by the 
administration of analgesics such as Empirin® 
Compound. 

Mild gastrointestinal disturbances occur occa- 
sionally with larger doses and may be controlled by 
reducing the dose temporarily. 

SUPPLIED: 10 mg. chewable tablets. Bottles of 100. 
Also 5, 10 and 15 mg. scored tablets in bottles of 100. 
10 mg. scored tablets also supplied in bottles 

of 1000. 

Also available: Cardilate-P brand Erythrityl 
Tetranitrate with Phenobarbital (Warning: may be 
habit-forming). > 


Cardilate 
[eruthritul tetranitrate] 


chewable tablets 10 mg. 

t.i.d. or q.i.d. (p.r.n.) 

an effect appears in approximately 5 minutes 

—total duration of effect up to 4 hours. 
Complete literature available on request 

from Professional Services Dept. PML. 


M Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 
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GURE 4. Diagram. of methods من‎ tor " intraoperative measure- 


ment of the preexisting coronary arterial pressure and flow. Simulta- - 
neous. measurement of graft. flow and coronary arterial pressure - 
gradient was. made by alternately occluding. and releasing a clamp 
interposed between a distally inserted scalp vein needle and.a proxi - 
ally. placed. flow. probe. Myocardial. flow was determined by inject - 


g 123 into the distal graft, flushing with saline solution, and re- 
t ornat the washout curve with a scintillation probe. 





in 3 of. these: rafts. in ith e 1 


descending artery and 34 the right coronary artery. À man- 


‘ual core endarterectomy was also performed on 26 of the 34 - 
right coronary arteries. Fifteen patients received a single 
` bypass graft, 26 patients received double bypass grafts, and 


F3 patients received triple bypass grafts. Three associated 


` aneurysmectomies and two internal mammary artery im- 


E pean were also performed. Preoperative selective 
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lustrates the a used MN p e ole arteri- B 


E gauge lb vein peedié. introduced 
graft. Blood flow in the graft was measurec 


: propriately sized flow probe (Biotronex : 


: emaining 67 a saphenous vein — 
‘completed the aorta-coronary bypass. Of the latter group, 6- 
grafts involved the circumflex artery, 27 the left anterior: 


How ۰ 20m /Wtgm min. 


coronary ی‎ EN PEN that’ 49 of thé 70 bypassed 


. coronary arteries were totally oceluded: before operation; 
: the remaining 21 arteries were subtotally obstructed. - 


Bypass grafting was carried out under total cardiopulmo- 
nary bypass with induced ventricular fibrillation and hypo- 


thermia to 30° C during. the period. of graft placement. - : 


Physiologic measurements were made intraoperatively 
under stable hemodynamic. conditions. 30 to 45 minutes 


after termination of cardiopulmonary bypass, at normal 


temperature and during normal sinus rh hythm.* Figure 1 il- 











Honeywell Miucetder ex e 
 Pressure-flow. ‘measurements: . <4 


magnetic flowmeter (Biotronex. model BL-603) | and. an ap- 
000) on the d 
proximal: bypass graft. The flow probe calibrations sup- 
plied by the manufacturer were found to be accurate ۱ ithin 
a 5 percent limit, and were used to measure flow. B alter- 

nately interposing a clamp on the graft between. the flow - 
probe and pressure needle for 10 to 20 secor ۱ aft. flow 
and both systemic and distal coronary artei 
were determined i. 2A): All Suc. meas 









E pressure اا‎ pie a atl pressure "and the oc- B 
cluded pressure represents. distal coronary arterial pres- 
: sure, the difetence, between these measurements 1 was « con- 
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gradient 









aoperative. mea- - | 
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E FIGURE 2. Records cs ost r 


` flow: A, recordings of mean pressure and flow are . 
|... displayed. on the same scale "with the phasic: rec- 
^ ords. A clamp on the. graft was released soon after 
` the start of the recording ar d reapplied before the 
end. B, the logarithm of the count rate is shown. 
. plotted on the. same. time scale as the linear re- 
- -cording of count: rate and. pressure. Myocardial 
` blood flow was derived from the straight lines fitted 





RE . visually to the logarithmic curve. 





rdial- blood 













2 sodium iodide crystal was positioned. approximately 15 cm flow was 50 + 7 ahi min (difference not significant: 

` above the heart. With the bypass open,!33Xe (0.2 to 0.5 mc) Flow was reduced in the six circumflex artery bypass - 
` was injected into the distal bypass graft and flushed with 3 grafts (mean 11 + 4 ml/min) and in the three internal : 
. ml of normal saline solution. The count rate was recorded mammary artery to left anterior descending artery 
| —with an análog linear rate meter (Picker Labmeter 1) set at bypass grafts (mean 23 4 6 ml/min). Flows were 33 i 


time constant of 0.3 or 1 second. After 30 to 45 seconds of E‏ و 
counting, the bypass was occluded and counting continued 5 ml/min in bypass grafts to subtotally. obstructed‏ 


5 ۱ for another 60 to 0 seconds. In this manner, the effect of — cluded y arteries and 47 + 5 ml/min in totally s 
` .the bypass graft on the myocardial clearance of 133Xe | was . cluded arteries (P <0.05). » 
NUI P ME GC WEE Reactive e hyperemia, considered e if f peak à 


e, l ; determined (Fig. 2B). — ku 








f ds Since the onset bfo unting | duot X begin a until the ws d PR 
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i , Myocardial r mass: Ar mass sof f myocardium was calculat- ی‎ HNenass 








fused by the bypass gr: 3 if the eat is s the e only e 
myocardial blood: flow. : P 
a ` Results Buts jo 8. 
| in bybus grafia Flow measurements in by- "^ 
. pass grafts showed considerable vari ation, ranging P  ciude 

ad from. 0 to 195 ml/min. (Fig. 3A). Flows averaged AT + F My : d oc ar ial 04 Th " 
— 7 (standard error of the. mean) ml/min in the d l blood flow v shies, s Sith no significant ue 

grafts to the ue coronary» y and: 49 + 6 Sein : T d | ety etw 1 - A in 16 right. and 16 left an- E 
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: “open and. 27.0 0+ a 4i im : 100 g per min with the graft E 
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TE j ۱ 
۱ ARTERY 2 ‘LAD : ۰ GRADIENT 
xm FIGURE. 3. A, flow measurements with the electromagnetic و‎ in coronary UES grafts. Mean values for each group are indicated by. a : 


Jine. LAD = left anterior descending artery; ) ( = number of observations; RCA = right coronary artery. B, relation between preexisting | col 


-nary arterial pressure gradient and flow in the. vein | bypass graft. Observations were grouped for clarity in presentation. Total length of. vertical Fc 
"Bar =2 standard errors. ۱ : 
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lésed (P «0.001) (Fig.. P With the TO graft 


p between flow in the bypass. graft and the change in 
. myocardial blood flow resulting from camping the 
E graft (r = 0.02). ۱ 



















anterior descending coronar 
E- imilar (107 +15 and 110 + 13 g, respectively). 


Discussion 













e n in mao by rll Wood Bow : large but varied 


ceived two or more bypass. grafts, a large portion of 
he heart was revascularized in many patients. It is 


| importance in determining the patient’ s exercise tol- 
; érárice. after the operation. 


۱ Validity. of Flow Measurements and Calculation of 
° Mass - 
Accurate meastirement. of blood flow is vestentisd to 


a correct calculation of perfused mass. Electromag- É 


ength of vertical bar = 2 standard errors at the mean of all mea- ^ 


open, blood flow was 76 percent greater than with the - 
graft closed. The increase in myocardial blood flow _ 
averaged 32 + 10 percent in 8 total subtotally ob- vessels; 8 of the remaining 9 involved vessels were 70 . 
‘structed coronary arteries and 102 + 12 percent in 26 — to 95 percent occluded and had a a peah adient of 12 i 


totally occluded arteries. There was no correlation - 


a Myocardial mass: The myocardial mass. etnies T 

by a bypass. graft. ranged. from 28 to 265 g (Fig. 5). 

‘he mean values for mass p perfused by right and left- — 
ry arterial grafts were . 


widely. If one considers that 28 of 43. patients re- — 


also possible that additional flow can be supplied by - 
he bypass. grafts. on demand. This factor may be of | 





netic determination of blood flow requires proper se- 


. ection of flow probe size, care in maintaining a stable 


probe position and- insistence upon. a reproducible 
zero flow base line. 


Flow measurements: Myocardial blood: flow was 
determined from !33Xe washout curves utilizing the 


be fürtuitous. : i | voa ms 
` Myocardial mass: : The caléulation: of 1 d ) ardi liai , 
` massis dependent upon the assumption that all: myo- a 
 cardial flow is derived from the graft. This assump- 
| _ tion was best met in 25 of the 34 masses calculated in 


flow "individually! n The tail o of. the بو‎ 
been shown to be in large part related t 
` lease of م1234‎ from epicardial fat anc 
i subtracted f from the other rome 


_ initial slope method.’ It has been shown that myocar- - 
dial blood flow, to some extent in normal subjects, 
but particularly i in patients with coronary artery dis- 


* ease, i is oe 8-10: ? This s finde hi jd to the | 







cases in which the graft. bypassed totally occluded 
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FIGURE 5. Myocardial masses perfused byc coronary vein. bypass 
grafts. Mean values for each. group are indicated by horizontal line. 


LAD = left anterior descending coronary artery; C r = number of 


observations; RCA = 
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right. coronary artery. 
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` The values for myocardial mass in our. study en- 
ps . compass a broad range but are similar to those found - 


~ by Greene et al., 4 who utilized a dissolved hydrogen _ 
blood. flow. The. 


z. qe requirements aby 
| B - distal to. moderate coronary arterial obstructions.2° 
The relatively. amalli masses RE by some s e these cases, the vic of the bypass graft lies in its- 


oe? may: be e oe may factors. I 


caused. by. closing. the graft. "This finding ma; in part. 
` be related to differences in degree of coronary ob- 
. struction, amount of ma: S perfused, and blood flow. 
| requirements. Nevertheless, it is important to recog-. 
`. nize that a normal or lar 
. that resting. myocardial 
as s vividly. ۱ by two دی‎ cases in. EE 


ORC. a 15.52.94 


"GRAFT BLOOD FLOW AND PERFUSED MYOCARDIUM—KREULEN ET AL. 


would cause the initial clearance of 133Xe to overésti- 
mate the average myocardial blood flow in the per- 
fused tissue. The calculation would thereby underes- 
timate myocardial mass by an amount dependent 
upon the mass of the poorly perfused areas. e 


Myocardial Blood Flow — " 
Myocardial blood. flow with the graft open aver- 


` aged 76 percent more than flow with the graft closed; 
. however, the range was wide, and some grafts showed. 
—' little or no increase in myocardial blood flow with the 
^. graft open. "This phenomenon was observed most fre- 
t .. quently in bypass grafts to subtotally stenosed coro- 
mary arteries, ` : 
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ET FIGURE 6. ‘Records illustrating lack of correlation: batwsen flow i in the bypass graft: and change | in myocardial flow produced by closing the graft. 
NS A, measurements ‘with a. graft bypassing a total coronary occlusion. These data are typical of such bypass grafts.and show a large coronary ar- 
| . terial. pressure gradient, . a good graft flow. with reactive. hyperemia, anda significantly larger myocardial blood flow with the bypass graft open. 
-o B, i le ith a graft bypassing a Subtotal. coronary obstruction. This case illustrates the much smaller increase in myocardial. blood: 
flo astane none) seen when the obstruction i is subtotal. This smaller increase is found in spite of a moderately large pressure gradient, . 
a large graft flow. and the presence of reactive hyperemia. The latter phenomenon suggests autoregulation to an increased intraarterial pesse 
and is not ات سنا‎ indicative of preexisting ischemia. 2 * 
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l The difference between myocardial blood flow 


A values obtained in. this study and those of a previous 
4 study from our laboratory? i is best explained by anal- 


.'. ysis of the 133Xe washout curve. The use of curve - 


. peeling in the previous investigation resulted in high- 
`. er estimates of myocardial blood flow with the graft 
:. open than those of the present monoexponential 










` studies utilized a monoexponential analysis with the 


. 100 g per min respectively). "The reasons for using a 


. . monoexponential analysis in the present study have 


E 1 been discussed earlier. 

~ Flow in the Bypass Graft 

v. The magnitude and wide ( range of flows to the right 

S. coronary arteries and left anterior descending arte- 

vies are similar to those reported i in previous studies.?1- 

28 The reason for reduced flow in vein bypasses to the 
` circumflex system is not certain but may be related 

to the small size of the circumflex vessels, a small‏ رت 






CE mass of myocardium perfused by the circumflex ar- - 
^. tery (not measured in this study) and the increased 
`. technical difficulty of performing an anastomosis on - 


. . the posterior wall of the heart. The degree of obstruc- 
` tion in these arteries as measured by the gradient or 
m angiographic studies was similar to that of other arte- 

ries. Flows in internal mammary artery to left anteri- 


` or descending artery bypasses were considerably less 
than in corresponding vein bypasses. Two of these _ 


. three grafts bypassed totally occluded arteries and 

demonstrated reactive hyperemia, suggesting that 

— flow requirements were met. Green's studies?? mea- 
== suring flow from the open end of internal mammary 
`. arteries have shown flows double those usually seen 
.. .in bypass grafts, which suggests that the size of the 
`... internal mammary artery is not in itself flow-limit- 
ing. Nevertheless, these studies also have shown a re- 









gree than in our data. Although a low level of flow in 


-< . vein bypasses is associated with a high rate of graft 


Ens closure,22233031 only 1 in 40 internal mammary ar- 
Sus tery - bypasses was closed at follow-up study in 
...— Green's series.”9 






Factors contributing to reduced graft flow: By- 


.. pass grafts with flows of less than 40 ml/min have 
.. been shown to have a high rate of early clo- 


sure.22:233031 The possible causes for reduced flow in- 


... the graft include a small coronary arterial pressure 


m . gradient, a small myocardial mass perfused by the 
.. graft and a technically poor anastomosis. The weak 
—— . but significant correlation between flow in the graft. 


and the coronary arterial gradient suggests that low 


v | gradients are a definite but small factor in reduced ; 


` ` graft flow. When relative impedances are considered, 
— the presence of even a small coronary arterial gradi- 
ent significantly favors flow in the bypass graft. This 

` phenomenon might explain the tendency of coronary 
arteries with preexisting subtotal obstructions to oc- 
clude even within weeks of bypass grafting, possibly 


as a result of stasis and thrombosis.?? It is of signifi- - 


cance, however, that totally occluded arteries had a 


analysis (118 vs. 47 ml/100 g per min). Since both - 


-graft closed, these results are similar (32 and 27 ml/ - 


duction in flow in such. grafts, although to a lesser de- — 


much higher gradient than subtotally obstructed ar- 
teries. À small gradient in a totally occluded artery is 
probably a reflection of high collateral blood flow.32 


"This phenomenon is uncommon and reflects the in- 


ability of the collateral blood flow to maintain myo- 


cardial perfusion to a level achieved after revascu- 
arization.9:33-37 


The possibility of a small mass contributing to a 
low level of flow in the graft could not be evaluated in 
our study since data on flow and mass were not de- 


rived from independent observations. As discussed 
earlier, there are several reasons to believe that this 
| possibility exists. Finally, a technically | poor anasto- 
‘mosis is unlikely for the aortosaphenous: portion of 


the graft since no pressure gradients were present be- 


` tween the aorta and the bypass graft. A stenotic sa- 
phenous-coronary connection cannot. be completely 


excluded, however. 


Reactive hyperemia in. bypass graft: The signif- 
icance of reactive hyperemia in bypass grafts is not 
fully understood. Although the period of graft occlu- 
sion ranged between 10 and 20 seconds, previous 
studies in man have not shown this difference in time 
to be an important determinant of peak hyperemic 
flow, and longer periods of occlusion do not increase 
the peak hyperemic response.?958 Our data suggest 
that the degree of coronary obstruction does influ- 
ence to some extent the occurrence of reactive hy- 


peremia, as evidenced by a higher mean pressure gra- 
` dient in vessels with reactive hyperemia than in those 
. without. This suggestion agrees with the findings of 


Bittar et al.99 but not those of Greenfield et al. The 
possible influence of previous myocardial infarction 
causing damage to the vascular bed cannot be exclud- | 
ed, although Bittar et a1.39 could find no difference in 
the hyperemic responses between patients with and 
without previous infarction. Greenfield et al.28 have 
postulated that coronary collateral vessels may 


. dampen the hyperemic response although their data 
.-as well as those of Bittar et al.38 do not support this 
concept. Reneman and Spencer?? have shown that 


stenosis of graft anastomosis will decrease the hy- 
peremic response. In our study, this possibility was 
excluded for the proximal anastomosis by the lack of 

a pressure gradient, and such a mechanism seems un- 


likely for the majority of distal anastomoses. Narrow- " 


ing in the distal coronary artery could produce a sim- 


-ilar phenomenon although we have no data to sup- 
port or refute this possibility. It should also be point- — 
ed out that reactive hyperemia may not represent. a 
response to ischemia but may instead be a reflection 

` of decreased arterial tone due to a decreased perfu- | 


sion. pressure and a subsequent autoregulatory in- 
crease in arterial resistance after opening of the graft. 
The limitations of measuring graft flow alone in 


` evaluating coronary artery bypass procedures should | 


be emphasized. Although the determinations may 
have value in predicting graft patency, consideration 
should also be given to changes in myocardial perfu- 
sion and to the mass of the revascularized myocar- 


` dium. 
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The immediate and short-term prognostic values of increased left ven- 


tricular end-diastolic Pressure, reduced cardiac index an ی‎ Ee 








patani undergoing cardiac valve fencer و ود‎ i one pe he 





fraction wee 50). However, í ot the 44 i per J who did not s ‘sur 


E gery or had. progressive. postoperative deterioration, 10 had a de- 
pressed ejection fraction and 7 had combined abnormalities. of left 
ventricular end-diastolic pressure and cardiac index. Because these 


latter values. may often. be borderline, or occur as isolated. abnormal | 
findings, the ejection fraction is probably the most useful of the readily ۱ 
obtainable, single hemodynamic measurements in assessing the import Es 
of deranged left ventricular function on the outiook for patiente under- B 
going i cardiac surgery. QUEE 


Evaluation of left. Min dno function’: in the cardiac cathotatiddtion 
laboratory i is a major part of the preoperative assessment. of patients 
being considered for cardiac valve replacement or coronary revascu- 
larization procedures, ‘The most easily determined and commonly 
used hemodynamic measures of left ventricular performance have 
been cardiac index and left ventricular end-diastolic pressure. How- 
ever, cardiac index, a product of stroke volume and heart rate, is also 
influenced. by the Starling effect, peripheral. circulatory regulation 
and the effect of the autonomic nervous system on both the heart and 
vascular systems. Similarly, left ventricular end-diastolic pressure. 
may reflect not only end-diastolic volume. but also wall stiffness and. 


. . the overall degree of filling of the vascular bed. Another variable, the 

D systolic ejection fraction, relates stroke volume to end- diastolic. vol : 
ume and thus normalizes stroke volume in relation to. ventricular size 
in each patient. Therefore, a low ejection fraction can occur with ei- | 
ther a reduced stroke volume delivered from a normal end-dias B 











volume, or a normal stroke volume delivered from an increased. end: j 
eu volume (that i is, dilatation), Since the ec 1 on fraction Spo | 





tion curve, it may ra Considered. as a dough. indicator 6 of ۲ contractile 
state (at normal afterload). The purpose of this study was to compare 
the immediate and short-term prognostic ‘significance. of three mea- 
surements—cardiac output; left ventricular. end-diastolic pressure 
and ejection fraction—in a group of patients. undergoing open heart 
surgery to replare cardiac valves or to revascularize the heart directly. 
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TA TABLE | 


` Coronary | heart disease ۱ 
Patients. with chronic angina | E 
-Patients with intermediate syndrome o or acute occlusion 
Patients with pump. failure 2 T 
ی‎ heart disease | 


LVEDP = 






-left ventricular end- diastolic pressure. 
۱ ۱ “Materials and Methods 
E Patient Selection » 


E : ۱ rhythm. One hundred five patients underwent elective 
omy 





: ut Thirteen n addition 7 P were nea upon 


ysms 
`. acütely for. preinfarction | angina (the intermediate syn- 


. drome) or acute coronary occlusion. Another 10 patients 
- with angina. and coronary disease presented with predomi- 
nant symptoms of left ventricular decompensation (acute 


. pump failure, or severe or refractory chronic congestive . 
... heart failure). Most of these patients underwent emergency 
` operation, and four had left ventricular dneurysmiectomy 18 






ENS addition torevascularization. > 
"Phe second group. (patients. with talala — disedse) 
x consisted of 44 patients who underwent cardiac valve re- 















teen patients. had mitral valve: replacement, 21 





replacement. 





th erization Procedures 






E arteriogra: 


ata clear- cut inflection in the pressure tracing. Cardiac 


: output was determined by the indocyanine green dye tech- - 
^ nique and adjusted for body. surface area. Systolic or 


| fraction was calculated as follows: 


Ejection fraction = (end- diastolic volume minus ande 
systolic volume)/end. -diastolic volume ۱ 


T with the appropriate volinwes’ derived’ from sequential ma 
۷ diastolic and end-systolic silhouettes of the left ventricle - 









- using a -grid-calibration: system and area- “length. formulas 
Y dapted from those of Dodge and Baxley.! Fifty-two pa- 
‘tients were studied with biplane ventriculography, and 120 
had ventriculograms performed only in the right. anterior 


"EJECTION FRACTION AND PROGNOSIS IN CARDIAC SURGERY—COHN ET 


Hemodynamic Data in 172 Patients Undergoing Open Heart Surgery (means + standard error of the means) 





Cases Ejection | LVEDP 


PT of 17 2 | patients s studied ¢ at Pe eter "E T | 


E mened. coronary an pred “ALL had a sinus e the abnormal value cited by the American Heart + Associa 


isti hie of intel procedures (using e either Sk 


aged close to 6. weeks; no new myocardial infaretions o 
` curred during this period. | HIP | 


: ability due to symptoms of congestive heart failure, . no 


within 30 days after the. operation. - 
atrial fibrillation was. present in 9 of these pa- | 


ve Placénent and. T had combined aortic | 


left: heart catheterization, including coronary : 
and. left. ventriculography, was performed i in. 
Left ‘ventricular end-diastolic pressure was 


at é ۱ failu 
` measured 50 msec after the onset of the ‘QRS complex, or . subsequent heart failure. The average duration of the fol 


. hemodynamic status. By contrast, patients with pre 
dominant symptoms of left. ventricular decompensa 


August 1974 The American Journal of CARDIOLOGY Volume 






















E Data 


———— (PP neenon remeras rmm aser naman EEE er ne ri men e gen nmi n 


Cardiac iun | 
` (üiters/min E 
bi m) € 


(no.) | Fraction (mm Hg) - 





HOB 0: 59. +0: 03 11.3 + 2.4 2.7 0, 6 
aS o 0. 62, s 0. MS 12.8 + 3.8 — 2. 6 3- 0. 5 
d xm , 46.1 + 3.6 - 


25E 0.6. 


tion (<0. 45).3.. 
The interval between. catheterization and surgery avi 


Follow-Up Data 


Before. surgery all patients were elassified: nca t 
functional grades similar to those used by the. New York 
Heart Association (NYHA). However, for: purposes of thi 
study, this clinical classification. was based | on limitation. o 


pain, and patients were carefully evaluated for dyspnea 0( 
severe fatigue « occurring at rest or with exertion. 
Operative mortality was. defined as. death. during, o 


After discharge, pat nts were. seen ely in office - 





Nds and reclassified acc ding to the modified NYHA cri- 
`. teria às. indicated. For purposes: of this study (1) four pa 
| tients dying. after 

.. diac output. were classified: according. to their clinical statu 
prior to the fatal episode, and (2) five. patients sustainin; 

‘nonfatal myocardial infarctions. after discharge. had. thei 
s follow-up periods terminated as of the date of the new isch 


: discharge from causes other than low car 










emic episode, since this event itself may be responsible fo: 


low- "üp period was. 18. 8 months (range 5to 29 ORIS 
` Results 


j Coronary Heart Disease 


The preoperative hemodynamic ono of all 128 


patients is depicted in Table I. Patients with pre- 


dominantly anginal symptoms usually had normal — 








tion usually had abnormalities of all three hemod: r 
namic indexes of ventricular performance. M 
All patiente with predominant symptoms of angi 





















oa Post-op NYHA. TT 
Post-op NYHA ۷ 
E - Operative mortality 










i E —2 ACUTE. ° PU 





` CORONARY HEART "DISEASE 


sociation 1 functional classification (NYHA) has been modified to in- 
de only. symptoms of | heart failure (see text). ‘Moderate to severe 


with - valvular. heart disease, irrespective of the degree of aortic or 
mitral stenosis. 99 = postoperative 


"pete in jjnodified NYHA clases Tor II ی‎ 


-.. group and, again, few patients. were limited by symp- 
: toms of heart failure. 
` ` The single death in the two subgroups of patients 


. with angina (118 patients) occurred in a patient with | 
an intraoperative myocardial infarction. The condi- - 
` tion of two patients progressed to functional class 11 

























ABLE " CCP 
modynamic Variables. Correlated with Postoperative Status 
in 172 Patients (means 1 standard error of oe means) 


Postoperative Class* 


Nr et m e A At me‏ یلاہ ن ایی یسه 














TH, ۱۷ and | 
e ۱ ۱ Operative 
A ‘avid 9 aP Death 
qs patients) ` „Value ۱ 


(14 patients) | 





Eje 0. 55 E 0, 05 <0, 001 0.39 + 0.04 
296 of patients. «D. 50 . d.e DOT. 70 
LVEDP. (mm Hg). ing ue»ic «0,01. 17.9 + 3.4 
.9 of patients. 315 3 t NS 64 
Cardiac index oc AE ۱ E 
E min perm?) . 2 6 E 0. 4 <0.01 2.2 + 0.3 
95 of patients: d 2 5 ۳ ug. s NS 60 


re * Moditied New. York | Heart Association classification (see 

— text). o 
. LVEDP = ` left TT and: diastolic pressure; NS — not 
significant; P — ین‎ bIRy; 


E ^ _ Á. 
ANGINA : FAILURE . -HEART 
A DISEASE 


FIGURE " Prognosis. in open heart ‘surgery. The New York Heart | 


rtic or mitral regurgitation, or both, was present in most patients — 


ly; that is, none complained of severe symptoms of - 
< heart failure, irrespective of pain patterns. Their 
| `. postoperative course is shown in Figure 1. Severe an- _ 
gina was now present in less than 10 percent of the - 


or IV; one of these patieüta had an intraoperative 


myocardial infarction and the other, for technical 


reasons, had only one of two obstructed vessels by- 
passed. Three of the 0 patients with predominant 


. symptoms of. left ventricular decompensation were in 
class II and 7 in class 11 or IV. preoperatively. Their 
` postoperative course is- also. depicted in Figure 1. 


There were five deaths during. or immedjately after 


۱ operation (three of. these patients were operated on 
. in acute emergency procedures and could not be suc- 
| cessfully taken off cardiopulmonary bypass). One of 
the five survivors remained i in class III failure; severe 
angina was present in only : one patient, |^. ` 


Aneurysmectomy was: not associated — ih i 
creased surgical risk or poor postoperative result. 
Figure. 2 presents the preoperative hemodynamic 


` data in relation to surgical prognosis. The most sensi- 


tive single prognostic indicator was a reduced ejec- 
tion fraction. The combination of reduced cardiac 
index and increased left ‘ventricular 'end- diastolic 


| "pressure yielded similar prognostic. findings; this is 
. not surprising since 6 of 17 patients with a reduced 
ejection fraction had abnormalities. of both left: ven- 
. tricular end-diastolic pressure and cardiac index. 


Forty-two patients with coronary artery ‘disease 


had biplane ventriculography compared with 86 pa- 
. tients who underwent single plane studies (right an- 
 terior oblique. projection). There was no significant 
difference in ejection fractions derived from biplane 
versus single plane formulas in these 42 patients 


(0.55 vs. 0.52, not significant). Twenty- seven of the 


42 patients had asynergic ventricles. In these 27 pa- 
tients, the biplane values for ejection fraction were 
again not significantly different from the single plane © 
. values (0.46 vs. 0.41, not. significant), but 7 patients - 
did have differences greater than 0. 10, with: the bi- 
۱ plane value almost always larger. | 


Valvular Heart Disease 


The hemodynamic profile of all 44 patients is out- 
lined in Table I. The mean value for left ventricular 


end-diastolic pressure was slightly increased, but 
values for cardiac index and ejection fraction were 
within normal limits for our laboratory. i 


All patients were in either modified NYHA class 
II or IV preoperatively. The postoperative course is 
depicted in Figure 1. Three patients died at, or soon | 


after, operation. One patient had a calcific coronary 
` embolus. Two patients could not be taken off bypass, - 
including one whose aortic valve was. replaced as an. 


emergency procedure because of severe myocardial 


ischemia. Two patients remained in class HI or IV — 
after operation. All five patients had normally func- 


tioning prosthetic valves.. Of the five patients who 
died or demonstrated progressive deterioration after 
their operation, two had mitral valve replacement, 
two had aortic valve replacement and one had a dou- 
ble valve procedure. | 

In relation to surgical. prognosis (Fig. 2), a reduced 
ejection fraction was again the most sensitive single 
indicator of a spoon clinical result. As in the group 
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stop NYHA ric e 
{op NYHA. Wa D 


mo ee Cardiac Index oe ee 


NUMBER OF PATIENTS © o ار‎ 


. end- diastolic pressure el cardiac: ‘index ‘between ۳" 
these two groups (Table II). However, in comparing 
` the specificity of these variables as expressed by the - 
percent of pa tients with hemodynamic abnormalities _ 
in the two groups, only the differences in relation to _ 
ejection fraction were > significant, although this was . 
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t a) wit EU Coupe with 7 2 
t) with combined abnormali- 


ape ee ti (18 percent) with a fe 
; and 10 of 68 patiens 5 per: 








i pressure. 4 though these differences were not statis. 
„tically significant, the prognostic. importance of a^ 
` poor ejection fraction per se is further supported by - 
. the following observations on combinations of hemo- | 
E dynamic abnormalities. — . oe 

Eleven of the. 172 patients had both : a reduced ejec- 
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Wi Post-op NYHA üt + IV 
WH Operative Mortality 
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“EJECTION FRACTION 



































. fraction (EF) and surgical prognosis. Only five patients in this series 
had an ejectión. t fraction of less. than 0.30; all had coronary artery 
disease. EA 


r tion fràction and combined abnormalities of left ven- 


f these 11 patients (54 percent) had a poor operative 


"tion fraction but without combined abnormalities of 
‘left ventricular end-diastolic pressure and cardiac 
index; that is, 4 of 16 such patients had a poor result. 


.and combined abnormalities. of left ventricular end- 


-and in patients with neither a reduced ejection frac- 
-tion.nor the combined. abnormalities of left ventricu- 


our hesitation to subject such persons to open heart 
procedures. | 


Discussion T 


A ee of clinical and laboratory data are gath- 
ered during the evaluation of patients with coronary 
‘and valvular heart disease who are being considered 


actors as severity of symptoms, transvalvular gradi- 


mias, coronary. pathologic. anatomy, as well as more 
general factors such as age of the patient and pres- 


“tance in the evaluation of such patients is the degree 
of left ventricular dysfunction. The accurate identifi- 
cation of patients with ventricular dysfunction pre- 
operatively has both short- and long-term implica- 
tions. First, patenis with severely impaired left ven- 


` sessed in the catheterization laboratory by the í 
mination of cardiac output. and measurement of left 
ventricular filling pressures. Although there are a va- 


2 FIGURE 3. Correlation between degree of depression of ejection | 
ry. More recently, left cineventriculograpl 


-tricular end-diastolic pressure and cardiac index. Six . mal afterloads since it relates the exi nt 


result. This relation was not significantly different — 
from that observed in patients with a reduced ejec- — 


1 was significantly different (P <0.001) from that ۱ 
“observed in patients with normal ejection fraction - 


` diastolic pressure and cardiac index (1 of 18 patients) - 
‘lar end-diastolic pressure and cardiac index (3 of 127 
: patients). As Figure 3 illustrates, surgical prognosis . 
was poorest in patients with a severely depressed | 


4 jection fraction, and. the. small number of patients 
with an ejection fraction of less than 0. 30 reflected 


for open heart surgery. These include such specific - 


nts, systemic or pulmonary hypertension, arrhyth- © 


-ence of other disease entities. Also of major impor- - 





tricular function may An difficulty i in Being weaned 
from cardiopulmonary bypass- and may require sup- 
plementary therapy such as intraaortic balloon coun- 
terpulsation.4 Second, even though the valvular or 
coronary disease may be. adequately treated in such 
patients, the presence of severe left ventricular dys- 


. function may negate any improvement in cardiac 
performance after operation. This has been demon- 

-strated both in patients with valvular disease^-7 and 
. in patients with coronary artery disease. 89 







‘Ejection fraction as a prognostic guide: 
ventricular: function has been most 


riety of other. hemodynamic. measurements, such as 


۱ change i in isovolumic pressure with time, these usual- 
_ ly require a more elaborate study protocol than i is or- 


dinarily feasible in the standard diagnostic laborato- 








used to demonstrate abnormalities of left 
wall motion, as well as to measure ventr 
and ejection fraction. (The latter may b 
a rough indicator of myocardial contr 


fiber shortening to initial fiber lengt 


Baxley! reported that patients with ‘heart. disease f 
often had lower ejection. fractions than normal con- 
trol subjects. Other investigators have subsequently 


shown that a depressed ejection fraction is associated 





a reduced. ‘@jection fraction i in itself advet 
the results of corrective cardiac surgery i i 


not reported | in Nos of the surgical studies cited e ear- 
. lier.) However, Oldham et al." have reported an op- 
 erative mortality of 55 percent in patients with a se- 
. verely depressed ejection fraction (<0.25) undergoing 
myocardial revascularization. Preliminary reports of 
large-scale studies by other groups both support!4 
and challenge! these findings. Although successful 


cardiac surgery depends on.many factors (including 


with reduced survival in medically treated patients 
` with mitral regurgitation, ‘cardiomyopathy! H ando -— 
: congestive heart failure aa Myocardial infarction.! pes 


patient selection), it is not unreasonable to assume | 


(for example) that effects of intra- or. perioperative 
complications (myocardial. infarction, arrhythmias, 


hemorrhage) would be more likely to compromise pa- 
tients with depressed ventricular function than those 


with more normal function. We believe our study 





depends to some extent on. 
and thus can be correlated with i: ) ventricu- 
lar performance, particularly the ejection fraction. 
Ejection fraction vs. cardiac index and left 
ventricular end-diastolic pressure: In our series of 


172 patients, an ejection fraction of less.than 0.50 








(more than 2 SD below the norm). was a more sensi- 
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provides hemodynamic data indicatin that the sur- . 
 gical outcome (excluding. relief ofa ginal symptoms) 
ump. function | 





: ve predictor of immediate postoperative death and 


£g subsequent short-term (1 year) ventricular decom- - 


. pensation than either increased left ventricular end- 
S ~- diastolic pressure or reduced cardiac index (Fig. 2). 
^. This is especially important in coronary artery dis- 
. . ease since many patients with predominantly anginal 
E "complaints have increased left ventricular end-dia- 
; -stolic presspre that presumably reflects an alteration 





— . in ventricular compliance. Ejection fraction, however, 

- js rarely severely depressed. Similarly, many patients - 
— . with valvular heart disease may have an abnormal | 
- —« Jeft ventricular end- diastolic pressure or cardiac out- ۳ 


oput due primarily to their valvular lesions while in- 
. trinsic function of the myocardium, as. suggested bya 






1 ^ heart disease to be in either class III or IV, clinical 


.. status of. the patient was not a sensitive prognostic 
5 pees pene plani. right i ‘interior - oblique) ben : 
-Preliminary results have also been promising in st 
. ies designed to augment cardiac effort in patients 
` with a severely depressed ejection fraction. Thu 
| ventriculography performed. during inotropic inte 
- ventions, such as epinephrine infusion!’ or poste 
 trasystolic. potentiation,’ 18. may prove. particularly 


indicator. By contrast, the presence of pump failure 
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ON AND PROGNOSIS IN CARDIAC SURGERY—COHN ET AL. 


Clinical implications: This study demonstrated 
that although most patients with depressed left vei 
tricular function did well, rather than poorly, after 
cardiac surgery, 10 of 27 patients (37 percent) witha 
subnormal ejection fraction died or had persistent . 
symptoms of ventricular decompensation. In this se- |. 
































not referred for open heart procedures. ‘However, bi- 
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` fore a final decision is. reached concerning surgery, 
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for cardiac surgery. 
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PET “ALEXANDER, MD, Ph Dees 


۱ was ER observed in each specitión f trom ۳ with 
pamapa subaortic stenosis | but in none ot those from 


FS b the dösuð: of three. patienti v with h GA IS مسا‎ 

۳" stenosis resembled the whorled. myofibers. Neither struct 

.  . mality was seen in tissue obtained. from patients with aortic stenos 
``. ` Thus, biopsy of the right ventricular septum can differentiate 

"E `. hypertrophic subaortic stenosis from aortic stenosis, even when the 2 
E — are examined aby. light microscopy: alone. ۱ ۱ a 

















۱ Tn idiopathic dypertroplic sübaortic stenosis وی‎ Sg E 


 . ranged in a bizarre architectural pattern that their course abruptly - as 

. changes direction.!-? In involved areas of the myocardium this pat- . ` 
. tern may result in ineffective contraction and secondary h ypertrophy, 

jm especially of the left ventricular septum. P D 












The diagnosis of idiopathic hypertrophic sbaortic stenosis à may die 


۲ DUM on clinical grounds alone or the lesion may be mistaken for 

. .. aortic valve stenosis. It. may be distinguished. from the latter by vari- 
`. ous techniques including apex cardiography combined with analysis 

. of arterial pulse tracings,® echocardiography," simultaneous. pres- 

` sure measurements in the aorta and left ventricle with and without 
the aid of certain maneuvers,!? left ventricular angiocardiography!? 
and, more recently, by light and ultramicroscopic?- ^? examination of 


tissue from the left ventricular outflow tract.35-14 


irdiology, "University of Min- 


. Address for reprints: Carl S. Alexander, MD, - 
“Veterans. Administration Hospital, 54 Stand 


This report is concerned with the histologic and ultramicroscopic 





nary arteriograms were entirely بت‎ in three: patients with ypertrophic 
subaortic stenosis and in two with aortic stenosis. Several coronary obstruc- 
. tive lesions were noted in Case 1 but none resulted in greater than 60 percent 
narrowing. Tissue from the right ventricular portion of the septum was ob- 
_ tained with the technique described by Konno and Sakakibara! but with the 


use of a modified JF stainless steel biopsy forceps (Olympus Corporation of 
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—' . - description of tissue obtained from the right ventricular septum by - ۱ 
cae biopsy مر‎ in six patients with à proved. E ao hypert Tophie.. | 




















America, New Hyde Park, N. Y.) commonly used for intes- 
tinal mucosal biopsy. The catheter was shortened to 75 cm 
for the purpose of our study. Two or three pieces of tissue 
measuring 1 to 22mm in length and thickness were obtained 
from each subject. The specimens were immediately im- 
mersed in cold 3 percent gluteraldehyde buffered in 0.1 
molar phosphate at pH 7.2. After 2 hours, the tissue was 
washed several times with fresh changes of buffer, post- 
fixed with 1 percent osmium tetroxide in 0.1 molar phos- 
phate buffer at pH 7.2 and then dehydrated and embedded 
in Epon. Thick sections, 0.5 to 1.0 u, were stained with to- 
_luidine blue and used to select the areas chosen for electron 
. microscopic examination. The latter sections were made on 
_an LKB ultratome, stained with uranyl acetate and lead ci- 


trate and examined in an RCA EMU 3G electron micro- 


scope. Tissue prepared for light microscopy was fixed in 10 





IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS—ALEXANDER AND GOBEL 


* 











FIG RE Case 1 Idiopathic hypertrophic subaortic stenosis. Four muscle bundies meet ata central point infiltrated with many round celis. The 
yofibers comprising the lower right bundle form a loop in which they change direction 145° ( arrow). (X100, reduced by 32 percent.) 


percent buffered formalin and stained with hematoxylin- 
eosin, and with special stains to demonstrate connective 
tissue, iron and amyloid. 


Results 
idiopathic Hypertrophic Subaortic Stenosis 


Light microscopy: The course of the muscle bun- 
dles in one section of the biopsy specimen in Case 1 
was uniquely bizarre. Figure 1 shows fibers at the pe- 
riphery of the bundle forming a loop of approximate- 
ly 145°. In several areas, especially noticeable at the 
central junction point, nuclei are increased in num- 
ber. Muscle fibers appear greatly compressed as they 
enter and leave the hairpin turn of the loop. Five of 
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FIGURE 2. Case 1. Electron photomicrograph 
at low magnification reveals loops and whorls. 
In lower right corner myofibers. course at an. 
angle of 90° from the expected orientation. 
(X1,362, reduced by 42 percent. ) 
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FIGURE 3. Case 1. On the left, whorled collagen fibrils are shown in an area of fibrosis (arrows). E Elsewhere collagen fibrils are andor Grant 
ed. In contrast to the sharp, clear staining of the collagen fibrils, the myofibers on the right are stained so indistinctly as to appear out of focus. 


(X4,260, reduced by 35 percent.) 


the: six patients demonstrated this architectural pat- 
tern. 

Electron microscopy: Figure 2, at low magnifica- 
tion, confirms the highly abnormal muscle architec- 
ture in Case 1. In the cell in the lower right corner, fi- 
bers course at an angle of 90° from the expected ori- 
entation. In the upper right portion of the photo- 
graph, fibers are whorled to form a 180° loop. The 
major area of the photograph is occupied by a butter- 
fly-shaped cell in which fibers appear oriented at sev- 
eral angles. Dense concentrations of mitochondria 
with interspersed lipid vacuoles separate the myofi- 
bers. Sarcomeres stained poorly and, except for the Z 
bands, the characteristic bands can rarely be identi- 
fied. The Z band itself appears to stain more diffuse- 
ly and is wider than normal. Mitochondria are plenti- 
ful and densely packed together. Glycogen granules 
are also plentiful and even increased, especially in 


the subsarcolemmal areas. The intercalated disc may 
be excessively coiled, forming wide boundaries be- 
tween cells. However, it does not appear widened in 
this photograph. Interstitial scarring is extensive in 
some areas. Some collagen fibrils are also whorled, 
sometimes forming loops like the myofibers (Fig. 3). 
Three patients demonstrated whorled collagen fi- 
brils. 

In Figure 4 (Case 2) the intercellular boundary is 
extremely abnormal. An intercalated disc can be seen 
coursing the entire distance from the top to the bot- 
tom of the photograph. It is widened and lacks nor- 
mal desmosome intervals. Most striking are the 
“lakes” or reservoirs into which the intercalated disc 
enters like a river flowing into a lake and out again. 
Because of the poor staining detail, myofibers on ei- 
ther side of this boundary are barely recognizable. 

In Figure 5 (Case 3) fragmented myofiber rem- 
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FIGURE 4. Case 2. idiopathic hypertrophic subaortic stenosis. Extending obliquely the entire length of the electron photomicrograph is an inter- 
calated disc (arrow) that traverses a series of "lakes" (L). The wispy myofibrils attaching to the intercalated disc stain so indistinctly that they 
are hardly recognizable. (X 19,200, reduced by 35 percent.) 


` nants are randomly oriented, and one actually paral- stain normally. Àn intercalated disc traverses the cell ۲ 
lels the intercalated disc instead of being perpendicu- in a normal manner. The findings in Case 9 were sim- 
lar to it. ilar. 

Discussion 


Aortic Stenosis 


Electron microscopy: Figure 6 (Case 7) reveals a Histologic Features 


moderate number of contraction bands with fibers The etiology of idiopathic hypertrophic subaortic 
longitudinally oriented and separated by rows of mi- stenosis is unknown, but it is generally believed that 
tochondria. The myofibers course in a normal direc- the disease is inherited as an autosomal dominant de- 
tion and their bands stain normally. Fat vacuoles are fect!® and so is often found to be familial.!7-2° More- 
interspersed among the mitochondria. Capillary walls over, recent studies of skeletal muscle have revealed 
appear normal. Glycogen is also found interspersed abnormal action potential in 65 percent of these pa- 
among myofibers. tients," although skeletal muscle is not involved clin- 

In Case 8 (Fig. 7) mitochondria and lipid vacuoles ically. It appears from several studies?9?14?9 that, 
are similar to those described for Case 7 (Fig. 6). anatomically at least, not only the outflow tract but 
Higher magnification reveals myofiber bands that also the apex of the left ventricle and its free wall?° 
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- een intercalated disc and to the right, a remnant of a be dubs the intercalated disc, at an vise of 90? to its expected attach- 
ment, and then forms an angle of about 25° with an adjacent myofiber at top of figure (directional arrows). Note the wide 2 bands (Z). (X6,170, 





reduced by 33 percent. ) 


are involved. Histologic examination of tissue ob- 
tained at the time of surgery by these investiga- 
tors?»4 revealed similar morphologic characteristics 
in tissue obtained from the apex as well as from the 
obstructed left ventricular outflow tract. Right ven- 
tricular outflow tract obstruction occurs less often 
but occasionally occurs alone.?? Since the septum is 
largely left ventricular in composition, the tissue ob- 
tained from the right ventricular side, as might be ex- 
pected, demonstrated histologic abnormalities simi- 
lar to those described for the left ventricular side of 
the septum. 

In our series the diagnosis of idiopathic hypertro- 


phic subaortic stenosis could be made in five of the 
six cases by light microscopy alone. Some myofibers 
were whorled and changed direction nearly 180? to 
form loops that obviously must have an extreme me- 
chanical disadvantage. Others appeared short, were 
thickened by extra myofibrils and were oriented 90? 
from their expected course. The myofibrils and their 
bands stained indistinctly and appeared to be in vari- 
ous stages of degeneration, although a change in the 
staining properties alone can give this impression. 
The disc, which often showed deficiency of desmo- 
somes, duplication and excessive widening and coil- 
ing, sometimes coursed through expanding “lakes” or 
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reservoirs not seen in experimental hypertrophy.” It 
seems clear from the experimental studies that disc 
alterations precede the hypertrophy, perhaps as a re- 
sult of the addition of new sarcomeres that are be- 
lieved to arise from the disc. Since the response of a 
cell subjected to increased tension is hypertrophy, 
the disc is believed to be a site responsive to tension. 
However, some investigators?*?5 believe that the Z 
line region is the growth center for new sarcomeres. 
In three of the six patients with idiopathic hypertro- 
phic subaortic stenosis, collagen fibrils were also 
whorled and followed a course similar to that of the 
myofibers which they replaced. They could be distin- 
guished from the sometimes randomly oriented fi- 
brils seen in aortic stenosis. To our knowledge this 
observation has not been described previously. Other 





"T a 


FIGURE 6. Case 7. Aortic stenosis. Myofibers are longitudinally oriented more or less in the same direction. intercalated disc in the center of the 
photograph appears normal (arrow). Mitochondria may be increased in number. (X 1,362, reduced by 35 percent.) 


similarities and differences of organelles in idiopathic 
hypertrophic subaortic stenosis and aortic stenosis 
are listed in Table II. 

Hypertrophy of myofibers in aortic stenosis was an 
orderly process that did not involve changes in rela- 
tive length or thickness”; significantly, there was no 
change in the direction of the myofiber or collagen 
fiber. Generally, the anatomic features of human 
myocardial hypertrophy in aortic valve stenosis 
closely resemble those of experimental hypertrophy 
induced in animals by banding. Biochemical studies 
concerned with metabolism,’ and with synthesis of 
ribonucleic acid (RNA), deoxyribonucleic acid 
(DNA) and protein: have been reported and re- 
viewed?! for the experimental model, but this infor- 
mation is not now available in human myocardial hy- 
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versing the entire width of the cells (arrows). Compare with Figures 4 and 5. (X8,730, reduced by 35 percent.) 


pertrophy. Histochemical studies in idiopathic hy- 
pertrophic subaortic stenosis reported by Van Noor- 
den et al. and compared with studies in a control 
group with other cardiac disease demonstrated glyco- 
gen deposition and increased dehydrogenase, esterase 
and acid phosphatase. There is no comparable infor- 
mation for patients with aortic stenosis. 


Etiologic and Pathophysiologic Correlates 


Our data support the theory that idiopathic hyper- 
trophic subaortic stenosis is an inherited disease 
characterized by abnormal myocardial architecture 
in which the direction of myofibers changes drastical- 
ly to form loops and whorls. This alteration results in 
serious mechanical disadvantage and poor propulsive 
effort. The fibers themselves are often short and 
thick and the myofibrils lack contrast and sharpness 


of detail when studied by the usual staining tech- 
niques. Whether this change in staining property sig- 
nifies myofibrillar degeneration or an abnormal mo- 
lecular structure is uncertain. The chemical structure 
of muscle protein in idiopathic hypertrophic subaor- 
tic stenosis has not yet been reported. 

Another theory to explain this disease is misdirect- 
ed embryogenesis of normally structured myofibers. 
Conceivably, the forces controlling alignment of myo- 
fibers could be abnormal and permit fibers to be laid 
down at all angles. Leak and Burke?? have demon- 
strated that short angulated fibers are normal in 
young human embryo hearts, but that the fibers be- 
come aligned in one direction and abut the disc per- 
pendicularly in older embryo hearts. Conceivably, id- 
iopathic hypertrophic subaortic stenosis could result 
from arrested embryonic development wherein cer- 
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TABLE Il 


Histologic and Ultramicroscopic Features in Idiopathic Hypertrophic Subaortic Stenosis (IHSS) and Aortic Valve Stenosis 








Feature 


Myofibers 


Hypertrophy (normal = 5-15 mz) 


IHSS 


Yes (76% between 20-35 mu) 


Aortic Stenosis 


Yes (up to 20 mà) 





Dimensions Wide, short, thick Normal 
Changing direction (‘‘whorls’’) Yes No ۰ 
Branching Yes No 
Side to side intercellular junction (5) Yes No 
Myofibrils 
Changing direction Yes No 
Staining characteristics Sharp detail lacking, poor contrast Normal 
Z band Splitting, diffuse, extending to sarcolemma Normal 
Fat Normal ۱ 
Glycogen LT Laut 
Nuclei 1 in size and number t in size and number 
Autophagic cysts Yes No 
Mitochondriosis Yes Yes 
Interstitial fibrosis Yes Yes 
Collagen “whorls” 3 of 6 No 
Intercalated disc 
Excessive coiling Yes Yes 
Desmosomes Short segments Normal 
| in number Normal 
"Lakes" Yes No 
Histochemical? 
Glycogen MR — 
Acid phosphatase I — 
Esterase 154 — 
t, t t and 1 1 t = slight, moderate and marked increase, respectively; | = decrease; — = data not available. 


tain angulated fibers fail to mature normally. They 
remain improperly aligned with each other and fail to 
attach to the intercalated disc. These “floating” fi- 
bers may then be twisted and pulled haphazardly 
when normal fibers contract. Initially, ineffective 
contraction rather then tension may constitute the 
stimulus to hypertrophy but when new sarcomeres 
and myofibrils (but not new cells) are added, they 
simply follow the direction of the old myofibers from 
which they are derived, and therefore mechanical 
contraction is not improved. Indeed, the hypertro- 
phic response may aggravate the mechanical diffi- 
culty and create a vicious cycle. Ultimately, when 
outflow obstruction becomes prominent and results 
in pressure overload, this factor also becomes a stim- 
ulus for hypertrophy. This hypothesis may explain 
why most cases of idiopathic hypertrophic subaortic 
stenosis occur after age 20, some years after the addi- 
tion of misdirected fibers. 

The condition can be alleviated by (1) decreasing 


tension in the left ventricle by reducing physical ac- 
tivity, (2) using beta adrenergic blocking agents such 
as propranolol, or (3) by removing obstructing tissue 
from the outflow tract.2° As pointed out in several re- 
ports, 19-33-36 obstruction of the outflow tract may per- 
sist, decrease or progress. However, even if obstruc- 
tion disappears, restrictive filling of the left ventricle, 
which is a direct consequence of its poor compliance, 
persists. Mitral regurgitation, which so often accom- 
panies left ventricular outflow tract obstruction, may 
be related to distortion of the outflow tract itself or 
to mechanical dysfunction of the anterior papillary 
muscle, which probably shares the same disarray of 
myocardial architecture as the rest of the myocar- 
dium. 


Acknowledgment 


We thank the personnel in the electron-microscope labo- 
ratory for their help in the preparation of the myocardial 
biopsy specimens. 


References 


1. Teare D: Asymmetrical hypertrophy of the heart in the heart in 
young adults. Br Heart J 20:1-8, 1958 

2. Olsen EGJ: Morbid anatomy and histology in hypertrophic ob- 
structive cardiomyopathy. In, Hypertrophic Obstructive Cardio- 
myopathy (Wolstenholme GEW, O'Connor M, ed). London, Ciba 
Foundation Symposium, J & A Churchill, 1971, p 183 

3. Van Noorden S, Olsen EG, Pearse AG: Hypertrophic obstruc- 


tive cardiomyopathy: a histological, histochemical and ultra- 
structural study of biopsy material. Cardiovasc Res 5:118- 131, 
197 1 

4. Wigle ED, Adelman AG, Silver MD: Pathophysiological consid- 
erations in muscular subaortic stenosis. In Ref 2, p 63 

5. Ferrans VJ, Morrow AG, Roberts WC: Myocardial ultrastructure 
in idiopathic hypertrophic subaortic stenosis. A study of opera- 


150 August 1974 The American Journal of CARDIOLOGY Volume 34 


20. 


21. 


IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS—ALEXANDER AND GOBEL 


tively excised left ventricular outflow tract muscle in 14 patients. 
Circulation 45:769-792, 1972 


. Van de Wall E, Van der Heide JNN: Treatment of hypertrophic 


obstructive cardiomyopathy by septectomy. In Ref 2, p 160 


. Nellen M, Beck W, Vogelpoel L, et al: Auscultatory phenomena 


in hypertrophic obstructive cardiomyopathy. In Ref 2, p 77 


. Popp RL, Harrison DC: Ultrasound in the diagnosis and evalua- 


tion of therapy of idiopathic hypertrophic subaortic stenosis. Cir- 
culation 40:905-9 14, 1969 


. Shah PM, .Gramiak R, Kramer DH: Ultrasound localization of 


left ventricular outflow obstruction in hypertrophic obstructive 
cardiomyopathy. Circulation 40:3-11, 1969 


. Oakley CM: Hypertrophic obstructive cardiomyopathy. Patterns 


of progression. In Ref 2, p 9 


. Abbasi AS, MacAlpin RN, Eber LM, et al: Echocardiographic di- 


agnosis of idiopathic hypertrophic cardiomyopathy without out- 
flow obstruction. Circulation 46:897-904, 1972 


. Joyner CR, Harrison FS, Gruber JW: Diagnosis of hypertrophic 


subaortic stenosis with a Doppler velocity flow detector. Ann In- 
tern Med 74:692-696, 1971 


. Simon AL: Angiographic appearance of idiopathic hypertrophic 


subaortic stenosis. Circulation 46:614—622, 1972 


. McCallister BD, Brown AL: A fine-structure study of idiopathic 


hypertrophic subaortic stenosis (abstr). Am J Cardiol 19:142, 
1967 


. Konno S, Sakakibara S: Endomyocardial biopsy. Dis Chest 44: 


345-350, 1963 


. Littler WA: Twin studies in hypertrophic cardiomyopathy. Br 


Heart J 34:1147—1151, 1972 


. Emanuel R: The familial incidence of idiopathic cardiomyopathy. 


In Ref 2, p 50 


. Weber DJ, Gould L, Schaffer Al: A family with idiopathic myo- 


cardial hypertrophy. Am J Cardiol 17:419—425, 1966 


. Horlick L, Petkovich NJ, Bolton CF: Idiopathic hypertrophic 


subvalvular stenosis. A study of family involving four genera- 
tions. Clinical, hemodynamic and pathologic observations. Am J 
Cardiol 17:411—418, 1966 

Henry WL, Clark CE, Epstein SE: Asymmetric septal hypertro- 
phy (ASH): The unifying link in the IHSS disease spectrum. Cir- 
culation 47:817—832, 1973 

Meerschwam IS, Hootsman WJM: An electromyographic study 
in hypertrophic obstructive cardiomyopathy. In Ref 2, p 55 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 
32. 
33. 
34. 


35. 


36. 


Falcone DM, Moore D, Lambert EC: Idiopathic hypertrophic 
cardiomyopathy involving the right ventricle. Am J Cardiol 19: 
735-740, 1967 

Laks MM, Morady F, Adomian GE, et al: Presence of widened 
and multiple intercalated discs in the hypertrophied canine 
heart. Circ Res 27:391—402, 1970 

Bishop SP, Cole CR: Ultrastructural changes in the canine myo- 
cardium with right ventricular hypertrophy and congestive heart 
failure. Lab Invest 20:219-229, 1969 

Legato MJ: Sarcomerogenesis in human myocardium. J Mol 
Cell Cardiol 1:425-437, 1970 

Carney JA, Brown AL Jr: Myofilament diameter in the normal 
and hypertrophic rat myocardium. Am J Pathol 44:521-529, 
1964 

Scheuer J, Kapner L, Stringfellow CA, et al: Glycogen, lipid, 
and high energy phosphate stores in hearts from conditioned 
rats. J Lab Clin Med 75:924-929, 1970 

Nair KG, Cutilletta AF, Zak R, et al: Biochemical correlates of 
cardiac hypertrophy. |. Experimental model; changes in heart 
weight, RNA content, and nuclear RNA polymerase activity. Circ 
Res 23:451-462, 1968 

Gudbjarnason S, Telerman M, Bing RJ: Protein metabolism in 
cardiac hypertrophy and heart failure. Am J Physiol 206:294- 
298, 1964 

Grimm AF, Kubota R, Whitehorn WV: Ventricular nucleic acid 
and protein levels with myocardial growth and hypertrophy. Circ 
Res 19:552-558, 1966 ` 

Fanburg BL: Experimental cardiac hypertrophy. N Engl J Med 
282:723-732, 1970 

Leak LV, Burke JF: The ultrastructure of human embryonic 
myocardium. Anat Rec 149:623-650, 1964 

Braunwald E: The natural history of idiopathic hypertrophic 
subaortic stenosis. In Ref 2, p 30 

Parker BM: The course in idiopathic hypertrophic subaortic ste- 
nosis. Ann Intern Med 70:903-911, 1969 

Adelman AG, Wigle ED, Ranganathan N, et al: The clinical 
course in muscular subaortic stenosis. Ann Intern Med 77: 
515-525, 1972 

Swan DA, Bell B, Oakley CM, et al: Analysis of symptomatic 
course and progress and treatment of hypertrophic obstructive 
cardiomyopathy. Br Heart J 33:67 1-685, 1971 


August 1974 The American Journal of CARDIOLOGY Volume 34 151 











* .. tal, Fall River, Mass. 








` Early Mobilization After Myocardial Infarction 


A Controlled Study - 


£ ANTOINE BLOCH, MD" — 
` JEAN-PIERRE MAEDER, MD? —— 


-JEAN-CLAUDE HAISSLY, MD 
`. JOSE FELIX, MDS - 


| HENRY BLACKBURN, MD, Face " 


p | | Geneva, Switzerland 


From the Center of Cardiolooy and 4 the l Institute 
for Physical Medicine and Reh. 
و‎ of t Mesicine, ی ی‎ 











: More Present V address: 












d Visiting. Professor, institut de Médeci 


of Medicine, Medical School, University: of Min- 
nesota, Minneapolis, Minn. ne 

Address for reprints: Antoine Bloch, .MD, 
Centre de Cardiologie, Hdpital Cantonal, 1200 
Geneve, Switzerland. 


7 ton Care under age 70 who were ra, Sete, 
` farction and who had no. complications. on day 4c 
; poc assigned to two treatment groups. Int the 


` 213 days for treated wee T and 32. - e o | 
follow-up period ranged from 6 to 20 (average 


| controlled ! programs i in recent years. 


ilitation, De- | 


i sdale Hospi- B ۱ ۱ 
o ne so- - Hospital Phase. 
5 ;ciale et préventive, University of Geneva. Pres- 
. ent address: Laboratory of- Physiological Hy- - 
. giene, School of Public Health, and Department 
















۲ | | with regard to hospital. or r follow-up mortalit le 
mda heart felhiro, anna: pettorid or vente 


B Early mobilization after myocardial iafaretion, long’ considered. dan- 


gerous, is now practiced in most hospitals although there have been 
few controlled studies of the procedure. The opportunity for a care- 


fully randomized study of early mobilization was provided at the - 
` Cantonal Hospital of Geneva, Switzerland, in a period. of transition in- 


therapeutic practice. Until 1971 all patients in this institution with. 


acute myocardial infarction. were confined to strict bed rest for 3 or 4. 
Y weeks. Abrupt change i in this therapeutic practice, and the attitudes 
“associated with it, was considered inappropriate, and it was believed x 
v desirable to demonstrate clearly whether early mobilization was ef 
t fective and. safe. Therefore, a randomized controlled study. was un- 
a. dertaken to compare the course of one group of patients. undergoing - 
— the traditional therapy of extended confinement to bed with that of |. 
5 another group mobilized early i in a special program. - 3 e a 






Materials and Methods - 


` All patients i under. age 105 years who were Hospitalized at the Cantonal Hos- 
pital of Geneva for an acute myocardial infarction between October 20, 1971 7 
and December 20, 197 2 were considered: for. study. "Those: declared eligible 


` met two or more of the. following 3 major diagnostic criteria: (1) a characteristic 


history of acute infarction with chest pain, (2) a diagnostic rise in serum en- 
zyme levels (creatine phosphokinase, serum glutamic oxaloacetic acid and 
lactic dehydrogenase), or (3) characteristic electrocardiographic evidence. 
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a “Tw wo hundred eight patients satisfied these criteria. All 
7 `. spent the first days of hospitalization in the coronary care 
`. unit (average 5 days). Fifteen patients died during the first 
` 24 hours after admission. This report deals with the re- 
maining 193 patients (Table I). 
~ The selection of eligible patients was made 24 to 48 
hours after admission to the coronary care unit. Thirty-two 
ی‎ (ee. e Were ex 
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ical course and results of telemetrie. monitoring during ac- 
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infarction. One significant difference. occurre 


patients in whom they were not contraindicated (125 of 


154). Other patients usually received drugs that inhibit | 


-i platelet aggregation IONAN pIE or aspirin, Table IIT). 
n Post-Hospital Followup - 
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dy after و سس یه‎ three bez. 


ah dore | و ی مت‎ ck 

). The 14 point program is adapted from that of 
M ek al. i (Table II). Progression i ih the program is de- 
termined by. the physician on the basis of the patient's clin- ` xi xw | 


jf ie patient is ری بای باه‎ 5: 
bree ghe of stairs without. manifest 


“at leas Week incidiunt helpan, ۹ 
r toilet and feeding. Thereafter pro- - 


` Table III st ows that. ilie: two. phe groups were - 
comparable with: regard. to sex and age (mean age 57.7. 
years), previous history of infarction and site of the present — — 
hance; a — 
` previous history of. angina pectoris was more fr quent in. 
. the early mobilization group: Anticoagulant agents. (hepa — . 
rin then acenocoumarol) were systematically given to all | 


1 . Follow-up. studies were carried out in 134 of the 154 pa- - 
"tients. Ten patients died in the hospital, and 10. received - 
E coronary vein grafts. Four of the hospital survivors died - 





TABLE | 
Case Material 





Number of infarctions |J 198 


Contraindications to early mobilization 32. 
Nonselected or excluded patients Ts 


‘Selected patients | | |. 194. 





DM TABLE I "o Ar 
E Program” 7 E | 





3e | MS A iu tr -Exercise 





in i | 2 Active. e mobilization of ankles and wrists; 





H Active mobilization of limbs; . 


-partial wash- "up care in bed; 
. dangle legs on side of bed (5 minutes) 


CH i. Active mobilization in bêd; 


use of à bedside commode; 
. sitting 15 minutes in: ‘armchair twice a d 















AV ic n against. resistance; ` 
in bed; | 
۱ "Ed sitting: 30m utes i in armchair twice a day 
۷ -Active mobilization i inbed; /— = e ET 
| -sitting 1 hour i in. armchair wien a day; 7 epe 
ooi oc nonu WO short walks i in room. pee 
O VEN Active mobilization in bed; 
B . ` light gymnastic exercises; | 
sitting i in armchair at will; 
. washing at. the washstand; 
» "is walks i in cortidor - e paa 
_ idem T exercises with. footstool: ake 
Xt. = Idem + walking. down flight of stairs twice e 
| Idem T تست‎ up: 1 to 3flignts of stairs twice ac 





i * This program i is an adaptation of that used ir in the Emo y 


۱ ae Atlanta à practice of Wenger.' 
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13 Comparability o of the Experimental Groups 











. Early E 2 
 Mobilization Control — — 
Total number of patients EE 17 . 77. 
Sex. 9 quor TS a IM. . 65M - 
za nr m C 13F e 1F 
Age on CT X ux E 
^ M QOEM: CR 
Sw ME err. یک‎ 42 E 39 
= ۱ ^ 33 36 
Previous history C". | 
- Myocardial infarction ge 4 15 
` Classic: angina pectoris. 0 5 45. 32 
‘Site of currentinfarction — | 
| Anterior and lateral - 44 36 
` Inferior i 31 17 
"Subendocardial" — - 2 4 
Anticoagulant therapy 
Anticoagulant agents 65 60 
Dipyridamole + aspirin 4 9 
Dipyridamole alone ~ ۱ 8 6 
0 2 


. None - 
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interval 
Between 
infarction Step ot 
Study Age (yn) Site of and Death 


no* ۰. & Sex infarction MD Attained. 


63F inferior = a Sl 


inferior 5 


Anteroseptal 08 49; wN 
Anterior 1 (18220 VII 


Anterior — (218 ز‎ 


MO | Anterior |. (00529 





۱ Anteroseta :. 0029 
Inferior - E .10. 


EE‏ از 
lateral. . ۱ d‏ 


C/6 64M Anterior —— 4 


Mobilization —— 


d Extension ofinfarction 


Extension of infarction 
Strict bed rest 


Strict bedrest — Ventricular fibrillation 


Ventricular fibrillation 
Ventricular fibrillation 


۱ Strict bed rest 
` Strict bedrest - 


Strict bed rest ۱ ‘Sudden death. 





Clinical Circum- 


uices of Death oes Report 





i Inferior and lateral infarction. New 
۱ extension. Cardiac perforation 





-~ Sand, hemopericardium — EE 

. Recent inferior and septal infárc- | 
‘tion. Right ventricular su bendo- 
cardial infarction. Old right ven- 
tricular infarction. ۱ 


Ventricular ‘aie 


Sudden death E 

Recent nl infarction ۱ 

۱ with new. extension. Old lateral 

Dp and. inferior infarctions 7 ۱ 

Left ventricular aneu- E qu 

| rysm. Ventricular fi- 
brillation. ۱ a a EE 
Anterior: jared: New ‘extension. 

۱ Left ventricular aneurysm . ۱ 






“Recent inferiot end septalinfarc- ^. 
tíon. Old diee infarction. E 
Anterior aneurysm ` eg 
Exterision otihfarction. 2 
Hemopericardium? 
Ventricular. fibrilla- 
tion — 


Anterior infarction with rupture of . 
the wall and. hemopericardium. 
Old inferior infarction RS 





* C — control group; M — early mobilization group. - 

























followup. Detailed. follow-up analysis was made in 123 sur- 
ving patients, 64in the al 
control group; 113 were. reexamined 
most of them living i in foreign countries, filled out a written 
questionnaire. The follow-up periods ranged from 6 to 20 
onths (mean. 11, 2) after i in i 












: - The ll se folie 4p p 
history: physical. examin: on. resting picem sean 
progressive exercise stress test, resting phonocardiogram 





minations. 
according to treatment group, we included data from the 


from those who died in the hospital and data on any pa- 
tient submitted to left ventriculography. This group in- 
cluded 18 patients. considered candidates for coronary vein 
grafts, 10 of whom were subsequently operated upon and 


m. 

27 thus excluded from the follow-up. study. ‘A diagnosis of ` 
“definite” left ventricular : aneurysm was made when an an-- 
=... eurysm was seen at autopsy or when à local absence of wall 


Lt ` motion (akinesis) or a paradoxical wall motion (dyskinesis) 
`` was noted on ventriculograms. - 
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during the follow-up pered six ix of the living Ed to par- ۱ 
ticipate in the. study and. onl one was completely lost to 


bilization group, 59 in the 
as outpatients, and 10, - 


" tion, and the mean follow- 


and apex cardiogram, and plasma lipid and glucose deter- E» 
- To assess the frequency. of the left ventricular aneurysm E 


patients followed up clinically after discharge, autopsy data - 


The diagnosis of “possible” left یل‎ aneurysm ۱ 


_ was made clinically according to the general criteria of Gor- 
. lin et al? and Graber et al? in patients with two or more of 
(^ these major. findings: S-T segment: elevation of 0.1 mv or 
more on the resting electrocardiogram | or the exercise test, 


a sustained systolic impulse on the apex cardiogram i in pa- 
tients without hypertension, or paradoxical. pulsations ob- 


served. during. chest fluoroscopy. The diagnosis of possible. 


aneurysm. was also made in patients presenting only one of 
these major criteria plus both of the following minor crite-« - 


ria: a contractile abnormality- observed during chest fluo- 
'roscopy and a gallop sound: (presystolic or. protodiastolic) 
noted on the phonocardiogram. in patents: without overt | 
heart failure. ` ۱ 


The exercise tests were performed. with the patient s cate 


ed on a mechanically braked Fleisch bicycle ergometer. 
`` The intensity of the effort was increased by 2 
5 minutes until the end pone of e classic angina 


) watts every 









cise "(chest leads ub. at the > aed aed Sth shiritites of each 


exercise stage, immediately at the end of. the exercise and 
` for each minute during 5 minutes of recovery. The test was 

* considered valid when a heart rate superior or equal to 95 
? percent of the maximal predicted heart rate, based on age, 


was reached, or a capillary lactic acid value was superior or 











eg or plead angina i occured with d n 0 
igns: of myocardial ischemia (a flat or downward sloping 
S سوت‎ o of the S-T segment equal to or greater than 0.1 





it uid p* cip 










. Nonfatal 'complie : 

NS "tons occurring. after. ospits 
- rized in Table VII; 
. .fer significantly i in the two. groups (0.1 «P <0.5). 





"ec 


1 - nea (mobilization: 19 cases, control 17 cases) or signs 
of heart failure (mobilization 5 cases, control 6 cases). 
Similarly, there were no significant. group differences 










re early mobilization group. . 





` TABLE V. 
3 Complications During Hospitalization 


Miu 1 : ۱ L6 F NAB arrhythmia - 
and راوید‎ E 


sion ca ers. "Two. cases. s of gan. ES 
din occurred i in n patients ferenvin pte 

= een e es = uM = Death ` 
SN Reinfarction ee ۱ 
7 pe n Rehospitalizatin f for prolonged angina. 
E © Stroke | quam ee : 


the er of ی‎ € - 3 - 
— .. There was no statistically significant difference be- . Definite aneu ysm - 
Ps tween the two groups with regard to history of dysp- B 


a pectoris (mobilization. 31 cases, control 23 . 


h angina was more frequent at entry ^^ Total ^-— 65 


MOBILIZATION AFTER MYOCARDIAL’ INFARCTION—BLOCH. T AL 





Mobilization Control 
(no. = 77) (no. = 7) 


Death | 2 0048. GB ز‎ 
Br Major coriplication MN 
.  Reinfarction. 
| Major arrhythmia 


4 o4 






-Minor complication - 


| Bronchopneumonia = 5 
: Bacteremia . v 

` Painful: shoulder: 

| Gastrointestinal bleeding 





OrN ND wo. ON 








d TABLE. v m PES 
E : Post-Horpita D Deaths | oe ee EE 







X “Infarction .Xma) o s 









M Anterior —— 
A- Anterior ~ 
A Anterior P 





| riis, ed Zr. E. a é 


Early if 
| Mobilization - Control - 
qu. =m (no, = m 








; سر سرا‎ bent 





i TABLE vi. a 
d Ventricular Aneurysm by Treatment Group. 





Control 


Early Mobilization 


aire ERT e i ena i INS نینم مو یهن‎ n EN aaea 


` no, with 
Patients - Aneurysm. - 


. no. of no. with no. of 
` Patients Aneurysm 





Autopsy | 
7 utograpnj: 
Total > 1 


PO ا‎ tw 
© 
C4 to 


at Possible aneurysm 53 10 52 15 


| (clinical diagnosis) 


17 (26.2%) 64 21 (32.8%) 








` EARLY MOBILIZATION AFTER MYOCARDIAL INFARCTION—BLOCH EM اس‎ 9 M OMM COR E MEE 


Table VIII shows that in the 12 patients in each 


» | group with evidence of aneurysm on left ventriculog- - 


' .raphy or at autopsy, the proportion of definite aneu- 
rysms was nearly identical (mobilization 7, control 6). 
Autopsy disclosed two anterior aneurysms, and ven- 

iculographic studies revealed 11 hearts with akin- 
esis or dyskinesis (8 anterior, 0 lateral, 3 inferior). If 
the definite aneurysms were added to the possible 
aneurysms diagnosed clinically, ventricular aneu- 
rysms occurred less frequently in the early mobiliza- 
tion group (26.2 percent) than in the control group 














significant (0.1 <P <0.5), ۰ 


. underwent exercise tests. Ninety-two tests were 
“valid” according to defined criteria. The results are 
. shown in Table IX. By comparison with the control 
. group, the early mobilization group had a slightly 
` greater frequency of angina pectoris and electrocar- 
`. diographic signs of ischemia and a reduced maximal 
-> work capacity, but these differences were not statisti- 
... cally significant. | ME 


. Return to work: For patients working at the time 
of the follow-up examination, the mean interval be- 
^ tween infarction and resumption of work was 3.6 
.. months (mobilization 3.2 months, control 4 months). 
_. After the exclusion of retired patients, 1 of 45 pa- 







^ tients (2.2 percent) in the early mobilization group. 


` and 9 of 43 patients (20.9 percent) in the control 
` group were totally disabled. This difference was sta- 
.. tistically significant (P <0.02). The clinical examina- 
`. tion and the exercise test revealed that only 2 of the 

10 totally disabled patients were disabled by objec- 


-= tive criteria; the remaining 8 patients did not resume. 


` work because of psychological factors or because of 
`“ the attitudes of their physician or family members. 
$c gi | Discussion 

Prior Studies of Early Mobilization for Myocardial 





















iion consisted of a prolonged period of immobiliza- 
ion. Thomas Lewis* prescribed an 8 week period of 
‘bed confinement, even fcr benign cases. 'This regimen 


zation and the advantages were thought to outweigh 
the liabilities of reduced exercise tolerance, loss of 
postural reflexes and a possible excess risk of throm- 


TABLE IX 


PM 





cise Test Results According to Treatment Group 


Early 
۱ Mobilization 


Control 
(no. = 48) — (no. = 44) 


v Angina pectoris i2. 8 

c. Myocardial ischemia by electro- 

^^. eardiogram 32 | 25 

-. . Mean work capacity (watts) 120 + 34 128 + 32 


ainsana ROTO رن سس او ونم‎ quaa td MAH PA وس‎ aaea 


(32.8 percent), but the difference was not statistically - 


< Exercise tests: One. hundred four of 113 patients 


of the selec 


"The classic treatment of acute myocardial infarc- - 


“was considered necessary for good myocardial cicatri- - 


boembolic disease, atelectasis and respiratory infec- - 


tions, muscle wasting and psychological disturbance. 


In 1952 Levine and Lown? reported favorably on 
63 patients they permitted to sit in an armchair 
shortly after the infarction. Their recommendations - 
for early activity were not immediately followed; 
however, in the last few years the experience with 
early mobilization after infarction has multiplied. We 
mention briefly here the principal controlled studies. 

Groden et al in 1967 published a study of the ef- 
fects of early mobilization after infarction. They 
compared 55 patients confined to bed for more than 
3 weeks with 50 patients who spent 2 weeks in bed. 


` The two groups were matched but not randomized. 


The analysis of hospital complications and mortality 
during the first year showed no significant difference 


between the two groups. | Rip eu. | 
In the study of Lamers et al.” the patients in the 
two groups were confined to bed in an identical way _ 
for the first 10 days after infarction. Selection was 
made at the end of the 9th day. Exclusion criteria - 
were numerous, and only 202 patients were eligible 
among the total of 555 patients hospitalized for in- 


farction during the period considered. "| ‘he tringency ۱ 














talization. It is not clear from their report how the el- 
igible patients were assigned to one or the other ex- - 
perimental group. Patients were allowed to sit in an 
armchair on either the lith or the 21st day and 


began to walk on either the 14th or the 24th day. 
There were no significant differences in the frequen- f 


cy of early or late complications. 


Tn their truly randomized study, ‘Hutter et al. ess 


ported similar results. However, since only 15 percent . 


of the patients hospitalized for infarction were ad- 


clusions is severely limited. — ۱ 
Harpur et al? compared the course of two groups 


` mitted to their study, the applicability of their con- 


of patients hospitalized for acute uncomplicated in- - 
 farction. The 95 patients of one group were allowed 


to sit in an armchair on the 8th day, began to walk on 
the 11th and were discharged from the hospital on 
the 15th day. The 104 patients of the comparison 
group were allowed to sit in an armchair on the 21st 
day, began to walk on the 24th and were discharged 
on the 28th. There was no strict randomization, the " 


` assignment depending on the admission day; how- — 


ever, the procedure was probably sufficient to avoid _ 
bias. The follow-up period was 8 months. Analysis of _ 
the results showed that early mobilization was not as- 
sociated with an increase in coronary mortality, rein- - 
farction, heart failure, severe arrhythmia or ventricu- — 
lar aneurysm. ۷ c eT ۱ 


The Geneva Study ! ZEE 
Our investigation, a strictly randomized study, al- 
lowed comparison of a 1 year experience in 154 pa- 
tients in two distinctly different treatment groups. 
We had the following experience with six complica- 
tions attributed by others to the effects of early mo- 
bilization: 
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patients in the study died during the period of hospi- - 













5 E Arrhythmia:- During hospitalization the fre- 
p quency of arrhythmias and heart block was compara- 
. ble in the two groups, and no patient Was rehospital- 
ized for arrhythmia after discharge. 











the 10 patients who died during hospitalization. 


treatment group; in. both cases early deat 
_ while the patient was still ir 









lied afte 





tricular گنود سل‎ was 7 


"e but this difference was not significant. - 
2. Cardiac rupture: Autopsy was performed i in6of . 
. There were two. cases of cardiac rupture, one in each. 


| onfined to bed. Three pa- E: 3 ài 
or 1 gM the ontrol group and oe in 1 the e he mobi- <= 0 pes 














6. Anging pectoris after infarction: Angind p p 
ris was more frequent in the early . mobilization gi 


Clinical. implications: Our: data. indicate 
early mobilization is not responsible- for any of th 
scm ig described. سس سای‎ « 5 myocarttial 









ol qr 8 peren than i in a E E f nd to Med fa pcg 





p ES Wenger | NK, ( Gilbert C A, Sk 
DE -. after myocardia E 





Shaw GB: Management: of myocardial í 


O: mobilization. Scott Med de 2:: 





"€ i al: Ventricular zl. E a ER 
and treatment. Br emi S B 4 
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. The contractile characteristics of ischemic, border. 
ia myocardium. were studied in vivo for 4 hours. with coro! 
. . 15 dogs utilizing Walton-Brodie strain gauge arches an 
- Silastic tubing” segment length gauges. In the ischem 

۱ tion 1 tension fell M precipit s y 17. 3 da gd ann n (me 


= then a gradual decline for 4 hoi 
mc: showed minimal and inconsistent changes. 


The rankade characteristics. of ischemic. myocardium. have been. 5 
D LR E / the subject of study since 1935 when Tennant and Wi 

iom i the. Division of | Cardiology, rezberê ye 
jniversity of Pennsylvania Medical Center, and _ 


“Un - with a myograph.! It has been shown that wh 
-the University of Pennsylvania. School of Medi- ۱ 


. ligated, contractility in the area supplied by: ha! 
X very rapidly?? 2. 
“grant from the Dreyfus Medical. Foundation, 
New. ‘York, N. de Manuscript accepted January 


: Division: of Cardiol Presb erian-Universit x | | 
ogy. vt y. ` acutely ischemic myocardium by calculating contractile element. ve- 


* locity (Vee) i in the ischemic eee Peak Vce was markedly reduced 












۱ 45 ‘seconds, 44 ( percent à in ota minute. and 138 perc cent ; in 15 5 minutes; 


hours. The border and nonischemic zones 





` Therefore, the ischemic myocardium is. still a able to » generate tension, 





although at a progressivel reduced level after coronary occlusion. An- 
.. eurysmal bulging takes ace only during eject 
.  ent3 to 12 seconds after occlusion, is maximal at 15 minutes and then | 

. decreases, probably as a result of reduced compliance. The data 

` sugggest that the ischemic ; zone is operating on a depressed aii 
| . tension curve, but no ‘significant changes are evident in the nonisch- - 
` <“ emic and border zones of the left ventricle. ig | 





ction. It becomes appar- - 













showed systolic expansion of an. isthe nie segmen o 


Tatooles and Randall,’ 4 using atraiü. gauge arche s, fou cue ipitie. | 


‘diate 30 percent local decrease in amplitude of contraction. which 
. ater evolved to systolic expansion after acute coronary ligation. - 


. Hood et al. documented persistence of contractile behavior in 















ECG 
Lead i! 


Non-ischemic | 
Zone | 





mer t موی‎ ۱ tension charac- Max. vd dt 
Na piedad. nd ۱ -Ischemic Zone 









T = ۱ ox. dt/di ۱ 
Et E 


= ` Aortic Pressure E 


= . clusion, LV = : 


B left ventricular; Max. = 
isi ‘maximal. ۱ E | 


E after: 2 minutes oti coronary oéclitsion. Nathiavan et 

` al measuring the rate of rise of tension (dT/dt), 

ED also showed persistence of contractility in the myo- 
-cardial segment made chronically ischemic. — 

_ To date there has been no systematic study of the 

2n temporal - sequ of contraction abnormalities 

2 throughout a all 
nifi icar 














e | 


er zone” ‘and nonischemic 1 myocar- 


pressure e respiration a ora y was و‎ with. ac 
 mid-sternal incision. The heart was supported in a pericar- - 
dial cradle: A polyethylene tube was introduced through an _ 
-external jugular vein for intravenous. infusion. Left ventric- 


ular ۱ pressure was monitored with use of a P23Db transduc- 


er through a wide bore, stiff catheter introduced by way of. 


the right common carotid artery. Simultaneous central aor- 


. tic pressure was monitored through a similar catheter i in- 
E. _ troduced through e a femoral artery. - ۱ 
The left anterior descending coronary antem was isolated E 





(Before eminet occlusion]. 


tially ischemic, border and nonisch mic zones were re 
ed at a یم‎ nage ot 9 Y to 200 


ie or s deectnding d coronary s ario T 


period a of. ventricular r وضو‎ © over a. ۰ trograms \ were re recorded ta 


| p gram from the Boiler à zone Scd S Ts تن وید‎ depres- 


August 1974 The American Journal of CARDIOLOGY Volume 34 — 







a 

` a : 
| 
f 


Normal ae | “Ischemia 


after coronary occlusion) :‏ وا 


3 cm distal: to its origin. ‘Local electrograms from thép p n. 


12 by enr. in eac a 







sion with T wave inversion. The electrogram. from the non- 
ischemic zone remained unchanged. The coronary occlu- 
sion was released immediately and the heart allowed to re-- 


^ cover for 10 minutes. The local electrograms invariably re-. 


turned to control Jevels i in this. period. Three Walton-Bro- 


die strain. gauge arches of 120 ohm resistance with adjust- 
able feet were. fixed with deep sutures in ischemic, border 
-. and nonischemic: zones. The myocardial. segment between 
` the 2 feet of. each st 
. cent of its initial length. "The first derivative of tension 





train gauge arch was stretched by 40 per- ; 


(dT/dt) was measured ۱ using a linear resistance-capacitance 


_ differentiating circuit.6 A mercury-in-Silastic® tubing seg- 
ment length g 
A medical grade tubing (outer diameter 0.025 in., inner diam- 





auge? 1.5 to 2 cm long, made from Silastic 


eter 0.012 in.) (Dow Corning. Corporation) was sutured ad- 


. jacent and parallel to the strain gauge in the ischemic and 
border zones to monitor concurrent changes in segment 


length. Standard lead II of the electrocardiogram was mon- 
itored thoughout each experiment. All records were made 


simultaneously on an Electronics for Medicine multichan- - 
nel oscilloscopic recorder at a paper speed of 100 mm/sec. 


After control recordings ` were obtained, the left anterior de- 


PE scending coronary artery was ligated, and continuous re-. 
` cordings were made for 3 minutes. Records were then made 



























T Press we 0 x 


< Normal 





ıte intervals thereafter up to 4 hours. 

- At the end of each experiment, 2 cc of methylene blue 
lye was inject 
rtery immediately distal to the ligature, and the area of 
listribution of the dye was ascertained to confirm the zone 
left ventricular myocardium subserved by the vessel. 





` Results 
۰ Normal C Contractile Characteristics 
` The normal pattern of tension development is 


Coronary Occlusion 


Iset. 





۱ ۳ 1 
ia xt. 





^." FIGURE 3. Continuous record dem naneiratiig, the مت‎ diminu- 
^.^. "fion in ejection tension during the first 5 seconds after coronary oc- 


et * clusion. Arrows point to the slope. of curve representing a e ten- 
`` sion (as in Fig. 1). ۱ ۱ 


ischemia 
23 minute. لاوز‎ 10 p 30 minutes and at 5 min- 


ed into the left anterior descending coronary - 


` the curve is termed preejection. mus 
one development diminishes rois 


- shown i in Figure 1A. The tension and intraventricular ۱ 


` period a negative curve was inscribed (b-d, shown by _ 
arrow). During the first several cardiac cycles after | 


` period of 15 minutes to 1 hr, the n 
slope (b-d in Fig. 1B) gradually became flat and re- - 


ane tiie: (a), and d approximately 50 t ۱ 
the total tension development occurs d 
metric phase of contraction (a—b).8 Thi 


during election. and He a iiaa (o ) ust Bo. : 
fore closure of the aortic valve (d). The tension devel- - 
oped during the ejection phase (b-c) is termed ¢ ejec- | 
tion tension. 

Figure 2A ره‎ rates the Bord epicardial seg- ۱ 
ment length gauge tracing. The segment of the myo- 
cardium fixed under the length gauge shows length- - 
ening during the preejection period (a-b) followed by - 
shortening during the ejection period (b-c). The 
curve then returns to base line, which « responds. to 
isovolumic relaxation. Segment lengthening i is con- 





. comitant. with the development of preejection tension 
under the strain gauge arch, and segment. shortening 


is associated with ejection tension. 


Coronary Occlusion 


Contractile characteristi¢s:: Figure 1B démon: l 


` strates the characteristic pattern of tension develop- 


ment that occurred uniformly within 3 to 12 seconds 
after coronary ligation. The preejection tension (a-b) | 
diminished although it remained positive throughout- 
each study. However, in contrast, during the ejection" 






coronary ligation, there was a progressive diminution | 
in. ejection tension evolving to the characteristic neg- | 
ative curve during the ejection phase (Fig. 3). Over ۵ 7 
:gative ejection - 















mained so throughout t the, i our period of observa- 





tion (Fig. 4). 


Immediately after coronary ; occlusion, the epicar- . 


dial segment length. exhibited an increase in preejec- - 


tion segment. lengthening: and a decrease in segment | 


` shortening during ejection (Fig. 2B). Preejection Seg- 
ment. length continued to increase for 10 to o 0 min- 


utes. 


160 August 1974 The American Journal of CARDIOLOGY Volume 34 


f “nam i. 








SV 


* 


e19ad 


au] | 





0] SIBGLIISGNS MƏN 104 ۷0 
uoyonp 


me‏ بمو داد 














—— — م ررر یی ی[ 











FTH AVENUE, 


| 





paumo Ua plio M əy? 
0} 550۱950۳76 MƏN 1404 130 | | E 
10130107۸۵045 ۱۶۱9906 ۳ 


CIRCULATION DEPARTMENT, 9TH FLOOR 


POSTAGE W 
G66 F 









Segment | Tension Curve 





ide decreased. 22. 5 * d. 3 percent in ep seconds, 31. 2 
"E 5.0- percent ` ini minute, 45.3 + 8.3 percent in 15 
minutes, 48.0 + 4 percent in 30. minutes, 50.0 + 4 
-percent in 1 hour, 51. 5 + 8.8 percent in 2 hours and 
600 + 5.4 percent in 4 hours. These changes were | 
` statistically. significant. (P «0.001). In the border zone . 
` a minimal decrease i in n dT/dt did not attain statistical - WC ES C IS MT ee 
Significance. | A ei. E duris سی‎ CAT + 
|. Ejection. "tension: Hon during i jection, Oe uo eg Ius e s E 
` phase of the cardiac cycle decreased abruptly and — FIGURE 6. Time course of 1 hiiges | irata of rise 
_ dramatically within the first 3 to 12 seconds and con- ` inthe ischemic zone after aes occlusion (15 dogs 















e in Rate of Rise of Tension (dT/d!) 3Y Percentage Decrease in Pro- jection Ter Ton e on 
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* MYOCARDIAL CONTRACTILITY AFTER CORONARY LIGATION—BANKA AND HE aa 





15sec 15min 30min thr. ۶ ` dhrs 
imin C | 5 
Time. 


p FIGURE 7 7. Time course o changes 1 in a tension in the isch- — 








Percentage Increase in Phasic Segment Lengthening E n. Ps 





oud pee. xn poro تب ا ا‎ 
` 15sec Imin 15min the 2hrs ٩ 5 
‘Time 


the ischemic zone after coronary occlusion (15 dogs) | 











3). It decreased from an average of +10 + 1.3 to —4.3 


tension hovered. around zero: —0.15 + 0.31 in 15 min- 

utes, 0.00 + 0.34 in 30 minutes, —0.30 + 0.3 in 1 hour, 

^5 40.12 + 0.4 in 2 hours and +0.33 + 0.3 in 4 hours 
(Fig. 7). Border and nonischemic zones exhibited 
minor and insignificant changes. 


Phasic segment length: Phasic segment length © 
showed an increase of 22 percent in the first 15 sec- — 
onds, 44 percent in 1 minute and 138 percent in 15 





FIGURE 8. Time. sequence of changes in phasic segment length of - 
. value. When segment length was: increased to more. 
-than 60 percent of the control value, & decrease in 
. tension occurred. Similar observations regarding. the 
‘increase in tension (though on a. depressed le ngth- . 
| tension curve) concomitant with an increas 


tinued to viene over several seconds (Fig. 1Band | 


+ 0.8 in 15 seconds, and to —4.5 + 0.7 in 1 minute. — 
Subsequently the negative slope was lost and ejection 


` would be expected to enhance its. ability 


acting as a local Frank- Starling mechanism. 11 How: | 






minutes. After the first 15 iE the ‘phasic: seg- 


| ment length showed a gradual but consistent c decline 


over a period: of 4 hours (Fig. 8. 


Discussion 
Our data reveal several 'ibteresting features. Dur- ۱ 


JE isometric idet the ischemic: Segment is still ae 





beo of r an in i sac jus aura after c coronary. 


occlusion, with only slight but gradual diminution of - 
tension from the level observed seconds after occlu- _ 


` sion (Fig. 4 and 5). The persistence of contractile be- 
: havior in ischemic myocardium: has been. shown. by 


Dd 


locity within 2 minutes ‘after’ ‘coronary boli in 


E pigs and dogs.? Our study substantiates their findings 


and demonstrates i in addition that the contractile be- 


` havior persists at a slightly decreased level for 4 


hours (Fig. 5). 

After coronary ‘occlusion, there} isan ی‎ i in- 
crease in preejection segment. lengthening that con- | 
tinues for up to 15 minutes (Fig. 2B and 4). Segment | 
lengthening during ejection, indicating aneurysmal . 
bulging, begins at about 15 minutes after occlusion - 
(Fig. 4). The initial increase in phasic segment length | 
is followed by a gradual decrease. over a period of sev- 
eral hours (Fig. 8). Vokonas et al.9 stated in a recent 


_abstract that segment length returned to control lev- 
` els 6 hours after coronary ligation. Although the peri- - 
od of observation in our experiments was only 4 


hours, it is ‘apparent that the decline in jegment a 
length was slow (Fig. 8) compared with th: m 
scribed by Vokonas et al. Since the end- diastolic : seg- : e 





|. ment length. does not change over a period of 6: 
` hours? it is possible that the decrease in the segment | 


lengthening i is due to the. decreased local « compliance 
of the ischemic myocardium." 1000 


` Correlation of changes i in length and. tension: It 


is of interest to examine the relation of the simulta- 


neous. changes i in length and tension in: these studies. 


Cotten and Bay? have shown that a gradual increase - 


in the ‘segment length fixed under. a strain gauge in- — 


` creases tension development i in the normal myocar- 


dium. In their studies, maximal tension developed at ۱ 
a length 40 to 60 percent greater than the control 














segment length have been reported in the chronically 
ischemic myocardium.? In our study, the increase. ino 
preejection segment length - of the ischemic zone | 
0 develop. r 








tension along its. length- tension curv 


ever, our data indicate that the ischemic myocardium 
maintains tension at a reduced level despite the in- 


crease in preejection segment length (Fig. 4). "This 


finding E that the ischemic myocardium i is op- | 
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d erating on a depressed length-tension curve. Since 
. — preejection segment length increased to 138 percent 
. above the control value and the increase persisted at - 


a ` more than 100 percent of the control value through- 
` out the observation period (Fig. 8), it is possible that 


` ‘in the first 15 minutes the length-tension relation. 
falls on the limb of ud SS 
` curve and. that the in vinhi bit 3 
A tension وس سر‎ 1 








wallabies po dee as ideft s véniricula s Hen‏ شنیب 






` CO 


rites, there ز‎ is an increased ability of the myad ۱ 
to maintain tension during ejection (Fig. 4), possi 


decreased compliance. The coptinuing decreas 


| u di ar expansion. of. the ischemic. zone shoul 















TY AFTER CORONARY LIGATION—BANKA AND HE 


EN 3 


as a result of either increased contractile abilit 


preejection tension as well as its rate of rise durin 
this period argue against the former hypothesis 
Whatever the mechanism, the decrease in paradoxi 





-stolic pressure, aortic. pressure. and heart rate e a currec ed 


- = mained constant. | HE 
> = Paradoxical systülle: expansion: The a 2 

non of paradoxical systolic expansion- takes place 
۱ early. c demon- i 
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B oo. thro gl ^ de time course pf each study. 


^: dywat for thei technical assistance, as well as Mrs. Eilen 


on ocel = Fig. 1B. ee within 30 io rj min- Pu McCrudden for her pod in preparing the manuscript. 


References 


Viggers © cu: The effect ot coronary. occlusion on ۰ 
d Am J Physiol 112:351-361, 1935 — .. .- namic con 
chwartz tu owe | E, et al: Studies on. the s f 














Acknowledgment 


۱ i سل‎ C3, Randall WC: | Lokal v ventioutdh: bulging after acute je hy NS OP Ir 


,, Coronary occlusion. Am J Physiol 201:451-456, 1961. 









. vasc Res : 3: :249-260, 1969 


M diovasc Res 3:2 :226-233, 1968. 





; Son R, “Goldberg H Myocardial contractility in i 


| ronic. ischemia: studies To isometric ` tension. Car- us 1330-1338, 1964 


August 1974 The American Journal of CARDIOLOGY Volume 34 1€ 





“contractile behavior i in. acutely ischemic myocardium. Cardio- ۱ M NM 






rem in ee tena "Am J- Physiol 20 











Limitations of Myocardial Revascularization in 
Restoration of Regional Contract 








Produced | by Coronary Occlusion 














VIDYA s BANKA, MD 
KUL D. CHADDA, MO = 
RICHARD H. HELFANT, MD, FACC | 


Philadelphia, Penns yivania | 


f 'om the Division of Cardiology, Presbyterian- : 
University. of Pennsylvania. Medical Center, and - 
the University of Pennsylvania School of Medi- 
cine, Philadelphia, Pa. This work was supported. aus 


05610, a grant from the Dreytus Medical Foun- - 
dation, Philadelphia, Pa. and by a Fellowship 
` from the American Heart Association, South- 


-... eastern Pennsylvania Chapter. Manuscript. ac- 
=. cepted February 6, 1974 — 


Address for reprints: Richard. H. ‘Helfant, MD, 


S Division of Cardiology, Presbyterian-University 


= Of Pennsylvania Medical Center, 51 N. 39 St, 
i dis aL Pa. 19104. 


zone, border zone and nonischemic myocardium \ 


tubing segment fengih gauges. After 30 and 45 minutes « 


] مومس‎ from 27. 5 + 2. 5 to 87. 1 + 6. 2 percent and na 


۱ nary ` Gochusion, vistos resulted in a ‘significant (P «0.01) further. ۱ 
decrease | in al contraction variables in the ischemic. zone. resjectión 





I reperfusion is instituted after. 1 hour of occlusion, the ab 
` often accentuated and this becomes invariable after 2 hours of occlu- ; 
sion. Thus, the ‘myocardial. impairment appears to be functionally. tr irre- . E 


The advent oft coronary bypass surgery has greatly increased the need. 
for better understanding of the potential reversibi asynerg 
`. caused by obstructive coronary disease. T dar 
` tance in. determining the feasibility and timing of. by ass surgery in 
. patients who have sustained an acute myocardial inf 
` without? cardiogenic shock. It is. generally recognized ‘that when a 

coronary artery is occluded, contractility in the area supplied by that 
vessel diminishes very rapidly. 3-5 Tennant and Wiggers, 8 using. a 
۱ ` myograph, showed that when ischemia had lasted for 23 or more min- 


in part by U. S. Public Health Service Grant FR 








The effect of reperfusion instituted from 30 minutos | 
coronary occlusion on the contractile characteristic 


dogs using Walton-Brodie strain gauge arches and mer 






contro! level, rejection tension’ from. zero tò. 74. 7 oe sa 











A ic segment length gradually decreased from 162. 5 oni A to ii Pha 5 E 
B 12.5 percent of control value. The border zone exhibited similar de- 
creases in function in four studies, and improved. in two. | 





fter 2 and 3 
hours ot coronary occlusion, reperfusion. was uniformly followed by für- ۱ 


` ther decreases in function of both ischemic: and border zones. 


in conclusion, contraction. abnormalities. produced by 45 minutes of. 
coronary occlusion are reversible. with reperfusion. Ho ever, when. 
| rmalities are 





versible after this time panog: 











ction with! or 


utes, recovery was partial or absent even 1 hour after reperfusion. 
However, Puri and Buttar,® using a strain gauge catheter assembly, 
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Aortic Pressure 
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po Belore coronary occlusion 


have ‘reported. that: return. of conttactility: of the isch- 
emic ic myocardium occurs if coronary occlusion is re- 















jl creatine phosphokinase (CPK) activity, 


"To date, no studies have been رن‎ in ‘which 


۱ ‘the local contractile characteristics of ischemic myo- 


cardium have been systematically evaluated at vari- 


ous time intervals after coronary reperfusion. This _ 
E investigation was therefore undertaken to examine . 
. changes in both segment tension and length in the | 


ichemic 2 zones. border : zone e and nonischemic myocar 


Peribadi in n deta ty Techemia v was ی دعر‎ ur transiently = 
obstructing the left anterior descending coronary artery, | 


and local electrograms were utilized to define the zone of 


ischemia, the border and the nonischemic areas. After re- _ 
. lease of obstruction, the heart was allowed to recover for 10 
minutes. At this time, the local electrograms invariably re- 





turned to normal. Three Walton-Broc 


e str : | 
es of 120 ohm resistance with adj istable feet? were fixed 
with deep sutures in the téchentic, border and nonischemic | 


zones to measure tension in these areas. The myocardial 
segment between the two feet of the strain gauge arch was 
stretched by 40 percent of its initial length. The rate of rise 
of tension (dT/dt) was measured through a linear resis- 
-tance-capacitance differentiating circuit. Two segment 
—— length gauges,!? made from Silastic. medical grade tubing 
ee {outer ee 0.025 in., inner diameter 0:012 in.) (Dow 








go mins. after coronary سس‎ Y Uus 


me zone ; (below): Pone SO inier. of coronary occlusion, a dignificant decrease te vel 
p n a increase in pradie segment lengh are seen in the. ischemic zone. The variables have normalized 5 minutes after r n spe 


:45 minutes. Recently, Maroko et al? esin the ischemic and nonischemic areas to monitor con- 


e shown that infarct size, determined by S-T seg- 


vations of local epi icardial electrograms and surface electrocardiogram was monitored: throughout each 


۱ experiment. ‘All records were taken simult 
i s 1 Electronics for Medicine multic hannel oscill r de. 
۳ ocan þe considerably reduced by reperfusion after 3. THp E e BODIE. 
f hours of acute coronary occlusion? 


j Reperfusion » was instituted ay a nattere the lamp after * 


` nary Group 1a ne ei Ru: 


| occlusion. E 


.. mary occlusion (5 studies); B, reperfusion 3 hours after cor- i 
| onary occlusion (2 studies). - ۱ 


` fore and immediately. after coronary occlusion, immediate 

` ly before the onset. of reperfusion, for the first 5 minutes o 
reperfusion . and at 5 minute intervals thereafter’ for 3 

- hours. Six experiments in which there was a significant de : 

. crease in systemic pre 
a end-diastolic pressure were excluded from analysis anda are 
not included inthe data. — | 


۱ preted as percent. change from control (before coronary oe. i 
-clusion) levels: (1) preejection tension; (2) ejection tension; 


` area of left ventricular myocardium it subserved. 










‘Ischemia is Revascularization : 
E minutes afer reperfusion] ` 


d length in the nonischemic. zone (above) and 









fusion. LV = left ven- 












were وی اس‎ eee iuda to iie a strain gauge pos 


current changes in segment length. Standard lead II of the 





aneously on an. 


erata pap 01 کک‎ of 100 mm/sec. 


various periods < of. coronary. occlusion. The. experiment 












8 سس‎ 45 minutes afte 
coronary occlusion (6 studies). | = 
Group 17 (8 studies): Repstfusion 1 hour after. coronar r 


Group . HLG studies): A, feperfusion 2 hours. after coro- 


Tension and segment length recordings were imade be 





ressure or elevation in left ventrict 
The following. variables? 10 were measured and le 


(3) total tension; (4) rate of rise of tension; and {5) phasic. 
segment length. | oo 

At the end of each experiment, 2 cc of methylene blue 
dye was injected into the left anterior descending coronary > 
artery immediately proximal to the site of occlusion to as- >; 
certain the patency of the vessel and also to confirm the -— 

















Results i s Pee ۱ of the abnormalities | in segment. length and Ed m 
3 The changes i in seginent. length and tension devel- ` the ischemic zone to near normal in all. studies. Fig- 
‘opment i in the ischemic zone, border zone and non- ure 1 illustrates that the aneurysmal | bulging evi- 
ischemic myocardium after acute coronary ligation B denced by: a marked decrease in. ejection tension and 
have been described previously. 8 Reperfusion pro- increase in phasic segment length disappeared com- 
duced the following changes: . ` pletely after reperfusion, and normal contractile 
Group I: After 30 and 4 minutes of coronary oc- ^ characteristics were restored. Maximal reversal of 
ion, Teperfusion produced : an immediate reversal ۱ changes was seen within the first 5 mingtes after re- 
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E Ei rs. after revascularization — 2 mE ; trol levels after. reperfusion. 
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p FIGURE 3. Group Il. Records of simultaneous ‘segment tension and length demonstrating a considerable depression of tension and increase in 
oe length in the ischemic zone after. 1 hour of coronary. occlusion. A further diminution of tension concomitant with a decrease in phasic segment 
` length is seen in the records. obtained 5 minutes and a hours after reperfusion. 
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E FIGURE 4. eran Ww (eight experiments). tne = 
course” of changes in. segment tension and. o = 
- length of the ischemic zone when reperfusion .— 


` LIMITATIONS OF MYOCARDIAL REVASCULARIZATION—BANKA ET AL. . 


ds perfusion. 2 tension increased from 32.3 + 


= ed. 1 (means + standard error of the mean) to 95.2 + 
“AT percent of control level, ejection tension from zero 


Ute FLT 3. 0 percent, total. tension from 27.5 + 2.5 to 


— 87.1 & 6.2 percent. and the rate of rise of tension 


`“ (dT/dt) from 42.1 + 4.1 to 100.0 + 4.5 percent 3 
<- hours after. reperfusion (Fig. gy. a i 





Ps percent) wi in 
| mained normal 


l clusion, r re- T 
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E , length, which | had increased to 148.5 8. 5 po E at 
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and dT/dt declined from 60.7 + 7.2 to 30.9 + 5.7 per 
cent during 3 hours of reperfusion (Fig. 5). Pha 
segment length, which was 162.5 + 6.0 percent 1 hou 

` after coronary occlusion, gradually decreased to 187. 1 
+ 12.5 percent 3 hours after reperfusion (Fig. 5). 
The border zone in four of six studies. oxhibite TE 
similar decreases in tension variables (Fig. 6). In - 





sed ^ these. four studies, preejection tension decreased 

> pt from 710 + 15.3 to 44.9 + 9.6 percent, ejection ten- ` 
P ` sion from 77.7 + 6.4 to 63.4 + 4.9 percent, total ten- - 
— sion from 87. 5 + 7.5 to 64.7 + 5.0 percent and the . 
ale of rise of tension from 87.4 + 10.0 to 65.7 + 7.9 — 
us | percent (Fig. 6). All of these changes were statistical _ 
ly significant (P «0.01). However, in two experiments | 









` the border zone showed functional improvement (in 
` creases of 22. 5 + 3.0 percent in preejection tension 


is ejection tension and 29. 5 + 5. 5 percent in total teni 
sion). zs 
Group HE When reperfusion was instituted 2 and 





. matic ~ siren eed owed a 2 erede 
a nution- but remained higher than the control level. © 


~ ` Preejection tension decreased from 52.4 + 8.6 to 26. 8 


|o x3 percent of control level, ejection tension from Q 

` to —6.0 + 1.0 percent, total tension from 45.3 + 7.2 - 
percent to 21.8 + 2.3 percent and dT/dt from 43.4 3 
± 2.6 percent (Fig. 7). Phasic segment | 
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me the end of 2 hours of coronary occlusion, declined to 


۱ . 128.5 + 5.0 percent 3 hours after reperfusion (Fig. 7). 
The border zone showed a similar but less promi- 


T. nent decline in all tension variables (decreases of 22.5 
— 4 4.6 percent in preejection tension, 4.0 + 0.4 percent 












in d T/dt, 12.2 + 2.2 percent in ejection tension and 
11.8 + 8 percent in total tension). ۱ 
—The nonischemic zone exhibited variable and sta- 
tistically insignificant changes i in all groups of experi- 
` In two experiments in this group, the left anterior 
descending coronary artery was reoccluded after 3 
hours. of reperfusion. "This maneuver resulted in an 
increase in both segment length and tension in the 
ischemic zone (Fig. 8). 


Discussion 


1 "Our findings indicate that the localized contraction. 
abnormalities produced by acute coronary occlusion 
were reversible only if reperfusion was instituted - 
within 45 minutes. These observations are consistent 
with those of Puri and Buttar. When reperfusion — 
was instituted. after 1 hour, there was further deterio- 
ration. of the. contractile. ability of the central isch- 
emic zone. (Fig. 4 and 5). Although there was im- 
provement in the border zone in some cases, it oc- 
curred in only 1/3 of the studies. After 2 or 3 hours of 
coronary occlusion, reperfusion resulted in uniform 
diminution in all variables in both the ischemic and 
the border zones (Fig. 7). The border zone, which did 
not show significant changes after coronary occlu- 
gion, actually exhibited a decrease in tension vari- 
` ables in four of the six experiments 1 hour after re- 


perfusion and in all experiments 2 or 3 hours after‏ را 
reperfusion. The cause for this finding is unclear but‏ =¿ 
may be related to the hyperemia produced by sudden‏ - 
release of the coronary occlusion. Reperfusion is also‏ .. 


: known to cause hemorrhagic infarct,!! but this event 
could not be substantiated in the histologic examina- 
` tion carried out in three reperfused hearts in our 


a study. Whatever the mechanism, the decrease in ten- 
— .sion appears to be produced by a change in compli- 


| ance of the reperfused myocardium. 
Our findings are at variance with those of Maroko 





and co-workers,’ who demonstrated a decrease in in- , 


farct size when reperfusion was instituted after 3 
hours of coronary occlusion. This difference may be 
accounted for by the differences in methodology of 
the two studies. It is also possible that the improve- 
ment observed by Maroko et al. in local S- T segment 
abnormalities and CPK may not be translated into 
functional improvement. More recent studies by 
Lang et al.!? indicate that reperfusion after 3 hours of 
coronary occlusion induces abnormal lactate metabo- 
lism, myocardial potassium loss, histopathologic 
changes of accelerated necrosis, reactive hyperemia 


and often hemorrhage in the previously occluded seg- 


ment. However, they have not reported on the effects 


of reperfusion after shorter. periods of coronary liga- 


tion. Our study shows that the detrimental effects of- 
reperfusion on the regional contractile pattern can be 
seen as early as after 1 hour of coronary ligation. 

An interesting observation in two experiments. may 
shed some light on the contractile abnormalities of 
ischemic myocardium. When the coronary artery was 
reoccluded after reperfusion, an increase in segment 
length as well as tension occurred (Fig. 8). When cou- 


pled with the observations that the decrease in ten- 


sion after reperfusion occurs concomitantly with de- 


creased length, this finding implies that the ischemic 
myocardium is on a depressed length-tension curve. 8 
Thus, the increased length in the ischemic segment 
which results in aneurysmal bulging 1 may allow for an 
increased ability to maintain tension although at a 
depressed level. 

Clinical implications: If data of the present uds 


are applicable to man, they strongly suggest that by- 


pass surgery in the patient with acute coronary occlu- 


sion is of little or no value in correcting the regional. 
contraction abnormality when instituted later than 1 
hour after the acute event. Functional myocardial. 
impairment appears to be irreversible when coronary 
blood flow is restored after this time period. 
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E — several mechani ms by 






e Basis of their 'letropliysiu- 
ffects, antiari : ents have been separated into two 
S od. inidine procainamide and pro pranolol represent group I; 
dantoin and lidocaine constitute group II. All drugs from 








ae groups. anc TI decrease automaticity in Purkinje fibers by decreas- 
ing the slope of diastolic depolarization. However, agents from. group . 
I decrease membrane responsiveness and conduction velocity of car- 


diac tissues, whereas those from group. Il increase them.? These data | 


suggest. that agents from both groups should be equally: effective in - 
` suppressing ventricular. arrhythmias of enhanced: automaticity, | but- 
~ those from group II should be more effective in suppressing arrhyth- | 
T mias resulting f from depressed conduction and reentry. In the Present; 
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rhythmogenic mechanisms were t evaluated. 
Methods UP 
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with an electrical cautery knife. The high interventricular 





` right atrial wall and the tri 


UE ‘then pressed with the fingertip to see whether partial A-V. 
~~ lock could be induced by the pressure. “When the A-V 
the premature ‘V2 in al three tracings. In the top 


block occurred, the cautery knife. was inserted through the 





1000 msec 


studui a “model was developed, to » study. ventricular . 
automaticity and reentry during acute coronary OC. 
clusion in hearts from open chest dogs, and the ef- — 


fects of procainamid and lido caine on these t g oU 
gar ا‎ oe eO RR dcc: o and widened QRS complexes on the lead: 1 electrocardio- : 


` grams. - 


` Experiments were performed ii mongrel dogs: E d 
ized by an intravenous injectio n of sodium pentobarbital dE us 
(30 to 35 mg/kg body weight). Under artificial respiration, - 
the chest was opened in the ‘midline, and the heart was | 
cradled in the opened pericardium. A femoral artery was- 
cannulated to record the arterial pressure. and to obtain . 
blood samples for the determination of blood g gas and blood  . 
levels of the antiarrhythmic agents. A femoral vein was also 
cannulated for administration of the drugs. Arterial blood. 

ge ly checked. and corrected if 
necessary. Lead II electrocardiograms were continuously _ 
monitored on a Grass polygraph. For reversible occlusion, 
onaty. lati was S dissected p 


lei rhythm were produced by destroying the. bundle of His - 


septum was first felt with a ngertip placed through the | 


cuspid valve, and the area was lar 
p! . control tracings (Fig. 1A), 








FIGURE 4. Effects ofi ventr 
ture - beats on. Ner " 


ries of 10 gus paced. ie . Ventricu- 
lar premature. beats (Vz) were introduced - 


after the V4. See text for detailed de- | 
al iit of this and ee mue 


` right atrial wall and guided by th the A to iss area. Els- n 
` ‘trically induced coagulation was then applied to the area to. | 

— destroy the His bundle. The destruction of the. bundle: was 

` evidenced by the appearance of complete ۸-۷ dissociation 


A pair of stimulating eiecti aded were é attached C the ane 


` terior septal margin of the right ventricle just outside the 
` ‘area of expected. ischemia. Pacing and premature stimuli 
: applied. through. these electrodes were 2 msec in duration 
.and twice the diastolic threshold. The patterns. of pacing 


and premature stimuli were programmed using a variable 
interval generator. and a series of Tektronix pulse genera- 


` tors. When ventricular fibrillation was ‘induced by prema- 
` ture stimuli, defibrillation was immediately achieved by di- 

 rect-current countershock, and 10 to 15 minutes was al 
`` lowed for recovery before further observations were e made. E 


Results 


| Coronary. Occlusion 


Figure 1 depicts the typical changés in e 


` rhythm after premature beats in the- control state — 
and during coronary. occlusion. In this 
`` the ventricle was paced ; 1 
` after the last. of a series 
` premature beats (V3) were introduced at. various cou- 





periment, ` 
cycle length of 500 msec; - 
10 paced basic beats (Vj), . 








pling intervals (V;-V»). Ventricular pacing was then - 
interrupted for about 2 seconds after the premature E 
beat to observe ventricular rhythm. As shown in the | 
À), a spontaneous beat es- | 


caped. from an idioventricular pacemaker site after 
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at. various coupling intervals - {ViVa 





“ai bas after E ê Vo, Then, the VV; in- 
ervals increased abruptly (>650 msec) with the in- - 
rease in ۷۱-۷ intervals: (>205 msec) as idioven- 7ج‎ 
ricular beats escaped in. the absence of the closely tos 
oupled reentrant beats. No spontaneous beats oc-  . 
urred between the ۷-۷, intervals of 360 and 650 
nsec. The curve for idioventricular escape beats was . 
hifted. downward (that is, enhanced automaticity) 
ithout affecting. the basic relation between View a 







and V-V; intervals. . 



















disappeared with a slight decrease in the intensity of 










: single prensaburg: bout was 
` the two premature beats w 
ng 14 dogs. As shown in 
were followed by a single r 
by multiple reentrant be 
dogs; the multiple. reeni 


rant beat in 5 dogs and 
wo. beats or more) i in 11 
beats. immediately de- 


changed or very slightly decreased i in 7 dogs: 


3g Effect of Procainamide 


The effect of procainamide o on ی‎ automa- 


ticity and reentry was studied i in 12 dogs during. coro- 


174 


The occurrence of عنم‎ coupled reéntrünt- beats. UU 
after early premature beats was very rare before coro- - 
-mary occlusion. It was observed in only. two dogs and 


emature stimuli. However, the reentrant beats | 
uld be invariably induced by a single early prema- _ 
ure beat or two successive, ert premature beats . . 
ri all 25 dogs : studied. The ~ 
cessful i in 11 dogs, and . 
equir edi in the remain- — E During Coronary f Occlusion 
, the: premature beats  .— 


generated into fibrillation in9 dogs. Automaticity of | | | 
the idioventricular pacemaker was enhanced in 18. 
dogs during coronary occlusion. but was either un- آ‎ 


No reentrant beat 0 0 0. 0 1. 

` Single reentrant beat 5 2 1 3^ I, 
Multiple reentrant beats 11 6 6 5 1 

Fibrillation jt 9 4 575 Y 






` FIGURE. 3. ` Effec ; 
` beats on the poste 
. during. coronary: occli 
and after (B) administration | x m 
cainamide. ‘Conventions: as in Figure. m 


E nary ی‎ Procainamaidé was given intravenous: | 
. ly in a bolus injection of 10 mg/kg body weight. In - 
these animals, blood levels of the drug. immediately 
reached the peak at 20 to 32 ug/ml, fell to. therapeutic E 
` levels of 4 to 9 ug/ml in about 25 minutes and re- - 
 mained at these levels throughout the period of blood |. 
` level determination up to 60 minutes after the injec- 
tion. The. effect of procainamide was tested about 30. 

minutes after the injection. - | 
Figure 3A shows the response to ROH ê beats 
. during coronary occlusion before the administration 
` of procainamide. The earliest premature Vs with a 
.V4- Va interval of 250 msec was followed by two close- 
ly coupled reentrant beats (top. tracing). The lower 
2 tracing. shows that the premature Vo with. a longer 


| TABLE | E 
`. Ventricular. Reentrant Activity Induced by Premature Beats so i 





("m | 






UM [5 Group 
۳۹ 0 p . 0۵ dogs) 


Ventricular Reentry istration. Before. After “Before ‘During = 
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istration of ie ar a bos l 


could still be DA 2608۵8 INO 


1 "that E 
Ti amirant b beata: but | 


Ji ats were a Rani le D. 


۱ gel "The first. prem : 
- constant at the Shortes 90 
-second premature beats (V: 





. ted on the abscissa, and the intervals between V3 and 


the first spontaneous beats (V,) after V3 (Va-V, in- — 
< tervals) were plotted on the ordinate. "The curve for . 
i . coronary occlusion shows a cluster of points for short . 


< Va- V, intervals (180 to 205 msec) at short وس و۷‎ in- 








during coronary | — 

t (V2) was kept 

Vs interval and. 
3 3) were e introduced at vari . 
ous Vo-V3 intervals. The V2-V3 intervals were plot- 


tervals (160 to 2 10 msec) asa result of closely coupled. 1 : 





ocaine ; i. Wes » 13 dog ول موز اف‎ d in a 4 
`` bolus injection of 2 mg/ kg body weight Followed by: ano 





infusion of 70 ug/kg a 
Is of lido aine reached therapeutic level’ of. 3 to 5 Uu 





` ug/ml immediately after the injection and then were DE 
maintained at these levels as long as the infusion was - 
E continued, tp te to 55 minutes). The effect of ‘lidocaine d 











































was tested about 25 minutes after the start of infu- 
sion. 


uring coronary occlusion before the administration 
f lidocaine. ‘The earliest premature Vs with a ۷۱۷۵ 
iterval of 286 msec was followed by multiple reen- 
ant beats. (top. tracing). ‘The lower tracing shows 
nat the premature V2 with a longer Vi-Ve interval of 


eat at an interval of 742 msec after V5. In Figure 5B, 
when. the artery was occluded during lidocaine infu- 
sion, the earliest premature V» was not successful in 
inducing. the reentrant beats (top tracing). In both 


beats did not appear for more than 2 seconds after 
the premature Vz, and the ventricular pacing was 
hen resumed. The results indicate that lidocaine was 
ffective in abolishing ventricular reentrant beats in 
addition to markedly suppressing idioventricular au- 
tomaticity.. 

5 Figure 6. ülustrates ihe: effect of lidocaine demon- 
$ trated i in another dog during coronary occlusion. In 
1 is experiment, two successive premature beats were 
again required to induce reentrant beats during coro- 
‘nary occlusion. With the first premature beat (V2) 





V-V. intervals. The. curve. for coronary occlusion 


msec) as a result of closel 
fter V3. There is a smoot 
tervals. (>380 msec) at | 








curve of longer V3-V; in- 





.. reentrant | eats. were abolished at shorter V2-V3 in- 
. ` tervals, and the curve for idioventricular escape beats 
^. at longer V5-V. intervals was shifted markedly up- 
— ward (23,360 msec) indicating significant suppres- 


۱000 msec , — 


automaticity was demonstrated in all 1 


Figure 5A shows ê response to premature beats lidocaine. Ventricular reentrant: beats Were ahol 


372 msec was followed by an idioventricular escape - 


the top and lower tracings, "idioventricular escape 


fixed at the earliest. possible Vi-Vs interval, second - 


premature: beats (V3) were introduced at various | 


۱ present. study, the postextrasystolic escape 1 
shows clustered points . for short. V3-V5 intervals (130 were generally shortened during acut oron 
‘to 200. msec) at short Vo-V3 intervals (180 to 260 
'oupled reentrant beats ^ kinje tissue. Configuration of the idio 

r ‘cape beats was not altered during coron 
ager Vo-Vs intervals (2280 of 6 to8 minutes in these experiment 
msec) due to postextrasystolic idioventricular escape — 


beats. During the infusion of lidocaine the points for 










FIGURE 5. Effects o of t premature beats: the E 
` trasystolic rhythm during coronary occlusion before - 
(A) and during (B) و9‎ infusion. Gonventions as je 
Dope Po Ex c 2r 








sion of idigventriculai automaticity. ‘The suppressed 





in 10 dogs. and persisted in only 3 dogs during lido- 
caine infusion (Table I). E p s 

Figure 7 depicts the results of an ‘experiment. ip. 
which the effects of lidocaine and procainamide : on 
ventricular. reentry were- tested in the same animal. . 
In Figure 7A, during coronary occlusion, multiple. 






 reentrant beats and fibrillation could be induced by 


two successive premature ` beats (V-V) at a Vi-Ve. 
interval of 236 msec and a Ve-V3 interval of 4 
msec. In Figure 7B, when. the artery was occluded 
during lidocaine infusion, reentrant beats could not 
be induced by two premat ure beats of the same tim- 
ing as in Figure 7A. In Figure 7C, however, procain- 

amide was not successful in abolishing reentrant 





beats and resultant fibrillation induced by the two 


premature beats during coronary occlusion. 


Discussion 


The experiments described demonstrate that the - 
escape intervals of idioventricular beats are shortest. 
after the earliest premature beats and increase with. 


an increase in the coupling interval of premature 










beats. These findings are in agreement 


RE 


sults of our early studies* and those 0 "others. S Int the 


clusion, indicating increased automati 








| fo finding. 
indicates that pacemaker 1 fibers in the ischemic area 





. had never exhibited greater automaticity than that of 


the dominant idioventricular pacemaker. "The ob- 
served increase in automaticity of the. dominant 


۱ pacemaker was probably due to increased sympathet- 
ic activity resulting f from a reflex response to de- 
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TOMATICITY AND REENTRY—t 


Ww v 13 


m" ones p E! | Occlusion otter lidocaine 





‘and result e pudet 
ni rillation. In the. present. study, 4 
nt be a ts v were invariably induced i in the 





"The. ‘premature responses. may. Y therefore aach‏ ند 














`. ventricle by Tm early premature beats or two suc- - 
“o cessive early premature beats during acute coronary 
. occlusion. - 




















“he closely coupled: reentrant basis could be clear- 
ly distinguished from idioventricular beats occurring 
long یسیو‎ escape. intervals as a re- 
y. This served as a 
for studying “the eff 
om group I and I on ventricular 










and reentry. V‏ و سا 
rom group I and lidocaine from group 1 since ilios‏ 
gents are typically used in the clinical setting of‏ 





xpected to ee idioveptricular ی جر‎ de 
lowever, they have opposing effects on membrane 
esponsive ness and conduction velocity of cardiac 
ssues. At therapeutic | blood levels, procainamide de- 
reases the. conduction rates "whereas lidocaine in- 
Pease it^ i This finding suggests. that lidocaine 





d that both procainamide and lido- 
'aine were effective dn decreasing ventricular auto- 
aticity, but that only lidocaine was effective in 
bolishing the Foentrant bert induced by early pre- 
ature beats during acute coronary occlusion. 

- Enhanced automaticity and reentrant activity are 
two important mechanisms operating. to generate ec- 
opic premature beats in the ventricle during myo- 
ardial ischemia. These premature beats have the 
potential to trigger ventricular tachycardia and fibril- 
































ity from acute myocardial. infarction.? It has been 
initial activity of premat re beats may not be the 


 tachyarrhythmias. Ventri 
۱ be due to either enhance: 















itomaticity or reentrant 
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cute myocardial infarction. Both procainamide and - 
id caine s are known to decrease the slope of diastolic | 


: suppress "ventricular premature “beats ie two . 
agents may be equally effective in protecting against ۱ 


uld be in p E ventricular pue dise me 
oss ing تچ‎ reentrant. activity. Our study in-  . : >; 


‘lation. Suppression of the. premature beats with an- 

: tiarrhythmic agents may prevent the occurrence of - 
ventricular tachyarrhythmias and reduce the mortal- . 
suggested” that the mechanism responsible for the | 


same as that of the subsequent event of sustained 
ar premature beats may — 
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appear to be a result of sustained. reentrant activi- 


ty. 1,7 
Clinical implications: EEE and lido- 


caine have proved to offer significant protection $: 
against ventricular fibrillation in dogs during coro- 


nary occlusion, and they have been useful in reducing 


. the frequency of ventricular fibrillation in patients 
` with acute myocardial infarction. This protective ac- 

` tion may be in part due to suppression of vent 
premature beats by these. agents. In. the present 
study, ventricular reentrant activity induced | € 

| premature beats was effectively abolished 
` caine but not by procainamide. Our resul be 
that lidocaine may offer greater protection han pro- ; 
cainamide against ventricular fibrillation. at 
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the likelihood. of ventricular fibrillation tay. : 





ventricular fibrillation as long as they are successful — 


with acute. MEM ‘chemi However, t 


failed to revert to normal the decreased. ree ۳ 
-threshold accompanying myocardial ischemia. This 
finding is in contrast to the demonstrated ability of _ 


lidocaine to increase ventricular fibrillation threshold 


` well above the normal value during acute myocardial - 
` ischemia. These observations suggest that pro- - 
` cainamide should be less effective than lidocaine in 






preventing ventricular fibrillation during. myocard vi 
ischemia. Procainamide may actually. produce fur- . 
ther slowing of conduction in the ischemic area and — 
facilitate the induction of sustained reentrant activi- 

ty by early premature beats. Therefore, it may be — 
hazardous to continue administration of procainam- 
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acute myocardial infarction. ۱ 
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Let's face it. Conventional does the job that sublingual nitro- think nitroglycerin...write 
nitroglycerin is a notably unstable glycerin is supposed to do. And 
compound. It migrates from tablet does it consistently—providing the B B2... modb 
to tablet, from tablet to cotton, from same pain-relieving potency, tablet Nitros 1 © 
cotton to cap. Result: a widevari- after tablet. That's why more and (nitroglycerin table 


ance in potency and therapeutic more physicians are turning to T ۱ 
effect. Nitrostat. Sublingual Tablets 


But with Nitrostat your angina important facts to know C6mg(VlooOgr 
patient gets a stabilized nitro- whenever you're prescribing = O4mg(l/150 gr) 
glycerin. Stabilized for uniform for a patient with a history of O3mg 0/200 gr 
potency retention. Thus, Nitrostat — angina. 


_ Because the pain-relieving pote 
Is locked inside-this nitroglycerin tablet 
Will work like the next-and the next- 
and the next. 


Parke, Davis & Company, Detroit, Michigan 4823 
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A nurse can't watch the monitor every 
minute of the day. But with Concept 80, it isn't 
necessary. Unlike other cardiac monitoring 
systems it offers arrythmia recognition at 
every bed. And its the only one that does it 
for less than $3000 a bed. 

This early warning system is triggered by any 
cardiac irregularity exceeding a preset limit. 

Plus Concept 80 is the only system that lets 
a nurse move around. Any change of a heart 
deat sets off an alarm at her station. A red light 
flashes, a chime sounds. The nurse automat- 
ically receives an immediate EKG reading. So 
in seconds, the nature of the problem can 
be determined. 

This lifesaving svstem is composed of five 


bedside units and a console which can be 
expanded to monitor up to 20 patients simul- 
taneously. Concept 805 modular construction 
is easily connected to your existing equipment. 

The system ts available with either isolatec 
preamplifier at bedside, or FCC approved 
telemetry for ambulatory patients. With this 
flexibility, you're able to offer more patients 
the kind of surveillance formerly reserved for 
intensive care and cardiac wards. 

Concept 80. Now theres a cardiac moni- 
toring system you can afford. 

For more information, call Rex McLaughlin 

714) 988-2557, or write Lockheed Concept 80, 

P.O. Box 33, Ontario, Ca. 91761. Lockheed 
offers immediate delivery. 


Lockheed Concept 80 
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RS The diss of INDERAL tora | 
hydrochi oride) among the standard drugs for the | 
treatment of disturbed cardiac rhythm has been 
frequently reaffirmed throughout seven years of- 
clinical use. In fact, after withdrawal of digitalis, 

.itmay be the treatment of choice for — 
jigitalis-induced arrhythmias, provided | 
hypokalemia is not present.’ It has been widely - 
‘used in selected supraventricular arrhythmias 
that have proved resistant to digitalis and in 
tachyarrhythmias precipitated by exercise, 
emotional stress, or undesirable sympathetic 
stimulation. and it is also effective in controlling 
“supraventricular tachyarrhythmias related to the 
DOTEM RUE فسات‎ 
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tachycardias $ 
and arrhythmias | 
due to thyrotoxicosis 


Although propranolol may accomplish only the 
reduction of the heart rate in hyperthyroidism, ithas 
proved useful for this purpose. "Sinus tachycardia 

in hyperthyroidism which causes symptoms 

may be relieved by the administration of 

propranolol before definitive therapy....The 

author has observed that atrial fi brillation ۰ 

com plicating hyperthyroidism was easily terminated ? 
` using modest doses of propranolol. 
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INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta. blocking $t n 
action. Propranolol occupies the beta- receptor | "ET 3 
sites, making them unavailabletothebeta- — . mu 
adrenergic stimulating effects of catecholamines. - 


INDERAL is the first beta-adrenergic blocking agent ber 


in clinical cardiologic use. 
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“Sinus ( eataia induced sy stiéss 2 
maybe inappropriate: tothe needs 

of the patient and, in fact, may be. 

.  €ausing symptoms of itself. If the 

Clinical situation does not sug- 

; gest a needed. compensatory 

_ Sinus tachycardia and the heart 

rate is indeed inappropriate, 

treatment with propranolol has 

been successful.“ 
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extrasystoles | 


Q 


 persister at atrial « 


in cases of atrial premature beats frequent 
enough that they could herald the onset - 

of atrial fibrillation, it has been 

recommended that propranolol. be used 

after other measures have 

failed to control the beats 
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 antiarrhythmia agents 
_ for supraventricular arrhythmias 


atrial H utter "In the presence of atrial flutter, ventricular rate 
is often difficult to control, and, as with an atrial 

fibrillation, propranolol hydrochloride 

should be added when the flutter 


EE a‏ ان 
seat j| ji pig jn EH 1 35 is not controlled by digitalis,‏ 
Hi p] gu Bu i i id 5 SHEER especially inthe presence of mitral‏ 
ij ds es AUR As A HA p Ads Hl valve disease.‏ : 
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: d ae alf ori | la tion “One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 

tion." “In a review of the literature, it 

was noted that most patients with 


pin 8 ens BER TUER asus 5 3 
| HE " spurium : fibrillation not controlled by digi- 
ase HEEE : : talis alone experienced slowing 
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HEH 


of the ventricular rate after admin- 
HH ٩ istration of propranolol and a few 
AN f reverted to sinus rhythm.’ 
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(See last page of advertisement for prescribing information.) 


BRIEF SUMMARY 
{For ib n information, see package circular) 
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1 . Abeta-adrenergic blocking agent 














~ CHLORIDE), THE PHYSICIAN SHOULD BE THOROUGHLY 

-|. FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 

| RECEPTORS (ALPHA AND BETA) AND THE PHARMA ۱ 
۱ نت‎ OF THIS DRUG. | 


merce Ht Ra a A A rn =1 ee T a ara rrr e aaa 


BEFORE USING INDERAL (PROPRANOLOL HYDRO- 3 





ie arrhythmias‏ دز 
8i Paroxysmal atrial tachycardias, particularly. those arrhythmias‏ 
induced by catecholamines or digitalis or associated with the‏ 
Wolff-Parkinson-White syndrome. (See W- P-W under‏ 
5o. . WARNINGS}‏ 
"eo bi Persistent sinus tachycardia which is non-compensatory and‏ 
impairs the well-being of the patient.‏ 
ue €) Tachycardias and arrhythmias due to thyrotoxicosis when‏ 
causing distress or increased hazard and when immediate‏ .. 
PIS dem is. necessary as adjunctive, short term (2-4 weeks]‏ 
“therapy. >‏ 
May D used with, but not in place of, specific therapy. (See‏ ` 
Thyrotoxicosis under WARNINGS} -‏ .<= 
ER d Persistent atrial extrasystoles: which. ‘impair. the well- -being‏ 
the patient and do not respond 10 conventional. measures.‏ او رت 
F ~ ej Atrial flutter and fibrillation when. ventricular-rate. cannot be‏ 
controlled by digitalis alone, or when digitalis is contraindicated.‏ +“ 
Ventricular tachycardias 7‏ |„ 
i-« Ventricular arrhythmias do not respond to propranolol as predict-‏ 
ae ably as do the supraventricular arrhythmias. —‏ 
a} Ventricular tachycardias‏ 
~o. With the exception of those induced by ER or‏ 
digitalis, INDERAL is not the drug of first choice, In critical‏ ' 
>o Situations when cardioversion technics or other drugs are not‏ 
indicated or are not effective, INDERAL may be considered. If,‏ `° - 
-after consideration of the risks involved, INDERAL is used, it‏ 
should be given intravenously in low dosage and very slowly.‏ 
(See DOSAGE AND ADMINISTRATION. | Care in the administra-‏ ^:. 
“fon of INDERAL wil? constant electrocardiographic. monitoring‏ 
is essential as the failing heart requires seme sympathetic‏ 
drive for maintenance of myocardial tone. :‏ 
aj Persistent premature ventricular. extrasystoles which. do not‏ ۱ 
“respond to conventional measures andi mpar the well-being‏ 
ofthe patient.‏ .< 
Si Tachyarrhythmias of digitalis intoxication‏ ^ 
E > ` If digitalis-induced tachyarrhythmias persist following discon-‏ 
tinuance of digitalis and correction of electrolyte abnormalities,‏ ~ 
FM they are usually reversible with ora/ INDERAL. Severe bradycardia‏ 
“may occur. (See OVERDOSAGE OR EXAGGERATED RESPONSE.)‏ 
intravenous propranolol hydrochloride is reserved for life-‏ ~~ 
or threatening arrhythmias. Temporary maintenance with oral‏ 
therapy may be indicated. (See DOSAGE AND ADMINISTRATION |}‏ ` 
Resistant tachyarrhythmias due to excessive catecholamine‏ )4 
y Beton during anesthesia.‏ < 
^x... Tachyarrhythmias due to excessive catecholamine action during‏ 
anesthesia may sometimes arise because of telease of endo-‏ . . 
genous catechelamines or administration of catecholamines.‏ >= < 
When usual measures fail in such arrhythmias, INDERAL may be‏ ` ~~ 
«i. given intravenously to abolish them. All general inhalation‏ 
anesthetics produce some degree of myocardial depression.‏ > 
Therefore, when. INDERAL is used to treat arrhythmias during‏ .+ 
esthesia, it should be used with extreme caution and constant‏ . 
ECG and central venous pressure monitoring. (See WARNINGS.)‏ 
ypertrophic Subaortic Stenosis‏ 
DERAL is useful in the management of hypertrophic subaortic‏ 
especially for. treatment of exertional or other stress-‏ 00 
induced angina, palpitations, and syncope. INDERAL also improves‏ . 
exercise performance. The effectiveness of INDERAL in this disease‏ ~~ 
appears to be due to a reduction of the elevated outflow pressure‏ - 
gradient which is exacerbated by beta receptor stimulation. Clinical‏ ` 
<o improvement may be temporary.‏ 
Pheochromacytoma‏ .- 
“After primary treatment with an alpha-adrenergic blocking agent‏ ` 
has been instituted, INDERAL may be useful as adjunctive therapy if‏ . - 
the control of tachycardia becomes necessary before or during‏ : 
surgery.‏ 
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. itis hazardous to use INDERAL unless alpha-adrenergic blocking 
drugs are already in use, since this would predispose to serious 
blood pressure elevation. Blocking only the peripheral dilator (beta) 
action of epinephrine leaves its constrictor {alpha} action unopposed. 

in the event of hemorrhage or shock, there is a disadvantage in 
having both beta and alpha blockade since the combination prevents 
the increase in heart rate and peripheral vasoconstriction needed 
to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may 


be useful as an adjunct to the management of symptoms due 0 ۰ 


excessive beta receptor stimulation. 
CONTRAINDICATIONS: INDERAL is contraindicated in: 1} bronchial 


asthma; 2} allergic rhinitis during the pollen season; 3( 


bradycardia and greater than first degree block; 4) cardiogenic 
shock; 5} right ventricular failure secondary to pulmonary hyperten- 
sion; B) congestive heart failure (see WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL; 7] in 
patients on adrenergic-augmenting psychotropic drugs (including 
MAO inhibitors}, and during the two week withdrawal period from 
such drugs 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation i is a vital 
component supporting circulatory function in congestive - heart 
failure, and inhibition with beta-blockade always carries the poten- 
tial hazard of further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively without 
abolishing the inotropic action of digitalis on the heart muscle 6 
that of supporting the strength of myocardial. contractions}. How- 
ever, the inotropic action of digitalis may be reduced by 5 
opposite inotropic effect. The effect of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued 
depression of the myocardium over a period of time can, in some 
cases, lead to cardiac failure. in rare instances, this has been 
observed during INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully 
digitalized, and the response observed closely: (a) if cardiac failure 
continues, INDERAL therapy must be immediately withdrawn; ib) if 
tachyarrhythmia is being controlled, patients should be main- 
tained on combined dosage and the patient closely followed until 
threat of cardiac failure is over. — — 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects 
from long term use have not been adequately appraised. Special 
consideration should be given to propranolol's potential for aggra- 
vating congestive heart failure. Propranolol may mask the clinical 


signs of continuing hyperthyroidism or complications and give a - 


false impression of improvement. Propranolol does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON- WHITE SYNDROME, several 
cases have heen reported in which, after propranolol, the tachy- 
cardia was replaced by a severe bradycardia requiring a demand 
pacemaker. In one case this resulted after an initial dose of 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA: with agents that require cate- 
cholamine release for maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic effect. Therefore, 
INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. — 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade i m- 
pairs the ability of the heart to respond to reflex stimuli. For this 


reason, with the exception of pheochromocytoma, INDERAL should 
be withdrawn 48 hours prior to surgery, at which time all chemical 


and physiologic effects are gone according to available evidence. 
However, in case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to protracted severe hypo- 
tension. Difficulty in restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (eg. 
CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should be admin- 
istered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of 
its beta-adrenergic blocking activity, INDERAL may prevent the 
appearance of premonitory signs and symptoms (pulse rate and 
pressure changes) of acute hypoglycemia. Especially important 
with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human preg- 
nancy has not been established. Use of any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
je and/or fetus be weighed against the expected therapeutic 


ben 
PRECAUTIONS: Patients receiving catecholamine depleting drugs 


‘such as reserpine should be closely observed if INDERAL is admin- 


istered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic 
nervous activity. Occasionally, the pharmacologic activity of INDERAL 


+ 


- 


may produce hypotension and/or marked bradycardia resulting in 
vertigo, syncopal attacks, or orthostatic hypotension. 

When discontinuance: of chronically administered INDERAL is 
planned, the dosage should be gradually reduced over a period of 
several weeks and the patient should continue to be carefully 
monitored. There. have been reports of myocardial infarction 
occurring in angina pectoris patients following abrupt discon- 
tinuation of INDERAL therapy. 

As with any new drug given over prolonged periods, laboratory 
parameters should be observed at regular fntervals. The drug should 
be تیب‎ with caution in. patients with. impaired renal or hepatic 


fun 

ADVERSE REACTIONS: Cardiovascular: bradycardia, congestive 
heart failure; intensification of AV block; hypotension; paresthesia 
of hands; arterial. insufficiency, usually ot. the. Raynaud type; 
thrombocytopenic purpura. — 

Central Nervous System: lightheadedness: mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances: 
hallucinations: an acute reversible: syndrome: characterized by dis- 
orientation for time and place, short term memory. oss, emotional 
lability, slightly clouded sensorium, and decreased performance on 
neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal 
cramping, diarrhea, constipation. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, 
fever combined with aching and. sore LE disci and 
respiratory distress p 

Respiratory: bronchospasm —— 

Hematologie: agranulocytosis, ی‎ purpura, 
thrombocytopenic purpura 

Miscellaneous: reversible alopecia ^ 

Clinical Laboratory Test Findings: Elevated blood urea. devis i i 
patients with severe heart disease, elevated : serum transaminase, ~ 


alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION: The oral route of administra- | 
one preferred. 


ARRHYTHMIAS — 10- 30 mg. (fies or four times daily, before 
meals and at bedtime 

HYPERTROPHIC SUBAORTIC STENOSIS— 20-40 mg. three or 
four times daily, before meals and at bedtime. = 

PHEOCHROMOCYTOMA — Preaperatively — 80. mg. daily in 
divided doses for three days prior to surgery, concomitantly with an 
alpha-adrenergic blocking agent. 
— Management of inoperable tumor — 30 mg. daily i in divided doses. 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group a are 
too limited to permit adequate directions for use, 
INTRAVENOUS 

Intravenous administration is reserved dui ‘ie threatening 
arrhythmias or those occurring. under anesthesia. The usual.dose is 
from 1 to 3 mg. administered under careful monitoring, e.g. 
electrocardiographic, central venous pressure. The rate of admin- 
istration should not exceed 1 mg. (1 cc.) per minute to diminish the 


possibility of lowering blood pressure and. causing cardiac stand- 
` still. Sufficient time should be allowed for the drug to reach the site 


of action even when a slow circulation is present. If necessary, a 
second dose may be given after two minutes. Thereafter, additional 
drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate 
and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. xi 
OVERDOSAGE.OR EXAGGERATED RESPONSE: IN THE EVENT 
OF OVERDOSAGE OR EXAGGERATED RESPONSE. THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: BRADYCARDIA—ADMIN- 
ISTER ATROPINE (0.25 to 1.0 .و‎ IF THERE IS NO RESPONSE 
TOVAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE—DIGITALIZATIONANDDIURETICS —— 

HYPOTENSION—VASOPRESSORS, eg. LEVARTERENOL OR 
EPINEPHRINE (THERE 5 EVIDENCE THAT EPINEPHRINE 18 ۴ 
DRUG OF CHOICE.) 
oA RR ی ات‎ AOMINSIERS ISOPROTERENOL AND AMINO- 
HOW SUPPLIED: INDERAL (propranalol hydrochloride) TABLETS 
No. 461 —Each tablet contains 10mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 

No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 

INJECTABLE. ۰ 3265—Each cc. contains 1 mg. of propranolol 
hydrochloride in Water for Injection. The pH is adjusted with citric 
acid, Supplied as: 1 cc. ampuls in boxes of 10. 


AYERST LABORATORIES 
New York. N.Y. 10017 
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Research-quality recording — instant data access 


HP 4- and 8-channel recorders have 

an exclusive “Hot Tip” thermal stylus 
which “writes” on flat Z-fold paper that 

is easy to read, speeds trace compari- 
sons and saves filing space. This long 
lasting stylus also produces more uni- 
form traces from all signals and through- 
out the recorders’ speed range from 0.5 
to 200 mm/second. 

A choice of 16 different HP preampli- 
fiers lets you record pressures, ECG, 
Bundle of His electrograms, cardiac 
output, blood flow, expired gas, heart 
sounds, pulse and respiration wave- 


forms, and other physiological signals 
of clinical interest. 

Since these modular, plug-in pre- 
amps are compatible with all HP re- 
corders using 8800 preamps, you can 
switch them from one system to another. 
Or, if you wish to buy one 8-channel 
recorder with only a few preamps, you 
can add more or different preamps 
later to increase or change your record- 
ing capability. 

Choose from three system configura- 
tions: the benchtop recorder, the mobile 
cart unit, or the full cabinet system — for 


use wherever clinical testing, extensive 
monitoring or investigative research 
requires a wide range of signal-handling 
capabilities. 

For more detailed information send 
for HP data sheets 7754 and 7758. 







HEWLETT ih 


| PACKARD 


Sales and service from 172 offices in 65 countries 
Waltham, Massachusetts 02154 
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ould biomedical recording 
ystems are your best buy. 


۲۸۰ Gould has a complete 


ine of biomedical signal 
conditioners and 
recording systems. 

We make a recorder/signal 
conditioner system to meet any 
biomedical recording need you 
may have. 

For research monitoring 
OR, and Cath Lab you can 
choose from 1 to 8 channels 
on high performance direct 
writing recorders, XY recorders, 
4 and 8 channel monitoring 
oscilloscopes, a light beam 
oscillograph with up to 16 
channels. 

Our engineered systems 
include all transducers, 
interconnecting cables, signal 
conditioning, recorders and 
direct display readouts. 


2. The Gould pressurized 
inking system gives you 
the highest quality traces. 
Gould traces are the standard 
of the industry. Our pressurized 


inking system eliminates 
smudges, smears, skips and 
puddles because the traces 
are actually forced into the 
paper. The record you get is 
crisp, clear and permanent. 


3. Gould guarantees 
better than 99.5% 
linearity. 

There are two reasons why 
we can guarantee such a high 
degree of accuracy. First, our 
Metrisite" non-contact servo- 
loop feedback device moves 
freely in an enclosed air gap. 
Second, our recorders have a 
rectilinear presentation rather 
than a curvilinear one. This 
eliminates geometric errérs 
inherent with the conventional 
system. 


4. Gould biomedical 
recording systems give 
you trouble free operation. 
All of our instruments require 
minimal maintenance. For 
example, our disposable ink 
cartridge provides for a year’s 


worth of recording. Our 
Metrisite tracing system 
eliminates slide wires and all 
the problems that go with them. 
And all of our electronics are 
solid state. 


5. A Gould system is one 


of the easiest to operate. 

All systems are self cali- 
brating. Our controls are 
conveniently placed to give 
you maximum flexibility. Chart 
paper can be replaced in 
seconds. Switching signal 
conditioners is a snap. And 
Gould service technicians and 
engineers are readily available 
when and if you do need 
assistance. 

Send for our free full color 
catalog. Write Gould Inc., 
Instrument Systems Division, 
3631 Perkins Avenue, 
Cleveland, Ohio 44114. Or 
Kouterveldstraat Z/N, 0 
Diegem, Belgium. 


=” GOULD 
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frequency and severity Duration: 
of anginal attacks? 4-6 hours for prolongec 
protection 
need for nitroglycerin Onset of action: 
D.En. yov derit ی رن‎ 
And when indicated: 
And probably Sorbitrate" (isosorbide 


anxiety and apprehension dinitrate) 5 mg. oral 
over imminent attacks. tablets 


*Oral dosage forms of this drug have been evaluated as possibly effective. See Brief Summary. 
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SUMMARY OF PRESCRIBING INFORMATION 





Indications: Based on a review of this drug by the National Academy 
of Sciences — National Research Council and/or other information, 
FDA has classified the indication as follows: 

"Possibly" effective: For the treatment of angina pectoris. 

Final classification of the less-than-effective indications require 
further investigation. 







Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the early days of 
the acute phase of myocardial infarction are insufficient to establish 
safety. 
Precautions: Should be used with caution in patients who have glaucoma. 
Tolerance and cross tolerance to other nitrates may occur. 
_Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the headaches 
which usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension; individual 


marked sensitivity to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic dose (alcohol may 
enhance this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamineand other agents. 

Dosage and Administration: Oral tablets. 

Individual Dose: Smallest effective dose should be employed. Five to 
10 mg. is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Oral SORBITRATE may be 
taken 3 to 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Oral: 15to 30 minutes. 

Duration of Effect: Oral: Estimated to be 4 to6hours. 

|] 15 recommended that the oral dosage be taken on an empty stomach. 


STUART PHARMACEUTICALS | Div o ICI America Inc. 
WILMINGTON, DEL. 19899 | PASADENA, CALIF. 91109 
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Bright new talk show. 


We've just come out with a series of 
patient monitoring modules that are 


completely new. From their brighter 
They flash HI, LO and OFF (in response 
to high and low alarms and leads off) 

and, of course, numerical values. 

All alarm set points can be read directly 
physically independent of the ECG 
amplifier and can be placed at bedside, 
central station, or both. It monitors heart 
rate and eliminates artifacts. It even 

So now you have a lot more reasons for 
looking into a B-D Electrod: ne monitor- 
ing system. And if you're using one of 
ours right now, these new B-D Electro- 
dyne digital modules will fit right in. H H 
Remember: one thing you don’t buy from 


digital displays to their broader capa- 

on the digital display, improving the 

with B-D Electrodyne's new ECG amplifier. F F t" ۷ ۱ 
B-D Electrodyne is obsolescence. Why 


bilities, they talk to you loud and clear. 

First the digital displays. 

Characters are more than a % inch 
high, and they form solid lines of light 
which are easily readable across a room 
accuracy of the setting. ۱ 

Displays can be darkened at night so 
ignores pacemaker spikes when used 

Our PR-18 Digital Pressure Module 
processes and provides two displays to 
not send for details? B-D ELECTRODYNE, 
Division of Becton, Dickinson and 


or down a corridor. 
as not to disturb a patient. In the event of 
an alarm, they automatically re-appear. 
Now for capability. 
Our HR-3 Digital Heart Rate Module is 
show systolic and diastolic or mean pres- 
sures simultaneously. It also has adjust- 
able high and low settings for each 
pressure. All in one module. 
Company, Sharon, Massachusetts 02067 | 
(617) 828-9080. E 





B-D ELECTRODYNE 


Division of Becton, Dickinson and Company 


















Vhy indeed! Medcratt s CDE: 70 System i is a a E cost. ambulatory patient Ce recorders with. 
e Use: it. | cassette tape recording (up o 16 hours per cassette) - 
۱ -~ . Switchable 5-lead resting or stress test ECG .. 
۱ .. and a host of other Wanted T features and ‘optional 
te ee fon * 3 capabilities, 2 a 

2 tor routine office eee. M dp m To learn "nore call, write, or use , thé. coupon Hela 
Doesn't it make a lot of. good. sense to have « one. Jue pui p latest brochure describing the CDC 
sophisticated, yet rugged instrument | all your 70 System. You'll be surprised at the sophisticated, 
cardiac testing needs, A. Cardiac Diagn 1 ayn wo ye ars-ahead des " and the low cost of owning ee 
that is versatile enough to be kept in use all day? ae ۱ 

. The all solid-state CDC. 70,- ی‎  Diagnos à 
. System, is easy to use, ۱ : larth 
| It offers a memory scope display anc racing print- 
out for ECD. A digital heart rate : di play. „lows 






































Box 542 ۳ Skippack, Pennsylvania 19474. ۰ 4915) 584-6825 
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Send to: Department. de RO. Box 542 ۰ Skippack, Pennsylvania 19474 


O Send my copy of your CDC 70 brochure 
= Send the brochure, but I want to see the CDC 70 i in action. cote 








„for a demonstration appointment: 











e 9 Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
D ien wi with partial A-V or complete heart block, or intraventricular conduction 
. a dy ۱ ۱ 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
C 21 1ac a 1 mia with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular ۵۵ 
beats, ventricular tachycardia or flutter while on the drug. It may be 
may nee d especially renal tubular acidosis. 
Precautions: The precautions to be observed include all those applicable 
therapy. a 
Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
» & disease and congestive heart failure, with digitalis intoxication, or renal 
eas 1 e O a e 1 insufficiency. It should be administered cautiously, if at all, to senile 
(EE) patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
e * As with all quinidine preparations, the titrating of the exact quinidine 
W 1 e Sa S ee 111 dosage will vary with each individual patient. With the dosage regimen 
* of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
- 4 mn As with other quinidine products, Quinaglute Dura-Tabs should not 
Quinaglute* Dura-Tabs* (quinidine gluconate) be used during pregnancy. 


defects, especially those exhibiting a marked grade of QRS widening; 
contraindicated in certain patients who have marked cardiac enlarge- 
sé ¥ =e - 

to quinidine. A preliminary test dose of a single tablet of quinidine 

me Ica 1011 mos sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 

bocytopenic purpura, and respiratory embarrassment. Extreme caution 

when large doses are used, or with patients who present an increased 

every 12 hours, the blood levels may be too low to maintain normal 

Adverse Reactions: The patient should be advised to report immediately 


in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. » 
ment, particularly with congestive failure, poor renal function, and 
۱ ۱ $ should constantly be considered; especially during the first weeks of 
should be exercised in using the drug in patients with severe heart 
risk. 
sinus rhythm. 
to the physician any symptoms of cinchonism (including tinnitus, de- 


24 J Hp RE DICE 1 . idi | ۳ ۳ h ۰ creased auditory acuity, vertigo, blurred vision, color perception dis- 
produces sustained serum quinidine levels, thus turbances, photophobia, diplopia, night blindness, scotomata, reduced 
nding ac : T 3 age s » visual fields, mydriasis and respiratory distress). 
prov iding a con enient 8 or 12 hour dos 5c schedule Where such symptoms develop, or if evidence of hypotension appears, 
* usuallv insures uninterrupted therapeutic q uinidine the drug should be discontinued. Gastrointestinal disturbances have only 
% : : ; rarely been reported. If they occur, they may be minimized by admin- 
gluconate levels during sleep istering the drug with food. If they persist, dosage should be decreased. 
x on E ۲ PA Ae à 9 ۴ 1 Dosage: For the prevention of premature atrial, nodal or ventricular con- 
© + » s 4 4 > ‘ " =) > 
a^ oids peaks and v alley SIn plasma ley els during tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 


which time the arrhythmias mav recur Before prescribing or administering, please refer to QUINAGLUTE full 
1 1 "- Sey} ۰ : product information. 

e maintains normal sinus rhythm following conversion 

by other techniques 

* well tolerated to enhance patient cooperation — CGOPCSMrboratories, Inc. 

few G.I. disturbances Wayne, New Jersey 07470 


Quinaglute Dura-lIabs 
(quinidine gluconate) 5 gr. (033 Gm.) 
— —  tohelp maintain the patient 


all through the night 
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(FUROSEMIDE) ^'^ 


For those stabilized 
cardiac edema patients 
who can be controlled 
on a lower dosage 





For greater dosage flexibility 


New Lasix’ (furosemide) 
20 mg Tablets offer more 
accurate adjustment of 
maintênance therapy. 


The usual dose of Lasix Tablets is 20 to 80 mg, 
00۲۳۱۲۱۱۹۲6۲60 65 a single dose. Depending on the 
patients response, a second.dose can be 
administered ó to 8 hours ۱۵۱6۲۰ In most degrees of 
cardiac 906۲۳۱۵۶۵۲۷ weight can be maintained 
safely and reliably by adjusting the dose to fit your 
patient's needs. Gofilin monitoring of your 
patient is recommended. With doses exceeding 
80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are 
particularly advisable. 


» 


(See next page for prescribing information.) 
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A new reason 
to start with— 
and stay with— 
LasixX'* (FUROSEMIDE) 























. SCINTIGRAPHIC TECHNIQUE FOR MEASURING VENTRICULAR VOLUME 








ELE ET AL. 


/: left atrium (A), left atrial background (B), left ventricle (C), and left ventricular back- 





tial eurve fitting) analysis can be made. The repeata- 
“bility of the results obtained and the frequency with 
which the technique can be applied make it a valu- 
able diagnostic procedure as well as an innovative in- 
vestigational tool. 








Technique 


In the cardiac catheterization laboratory, under fluo- 
roscopic control, an end-hole catheter is advanced to the 
| pulmonary arterial wedge position. In the majority of stud- 
ies the Swan-Ganz balloon-tipped catheter!? of 7F caliber 
has been used. We have used semirigid end-hole catheters 
(Cournand, for example) of 6F and 7F caliber and the 5F 
Swan-Ganz catheter, but the ease and safety of right heart 
catheterization with the 7F Swan-Ganz catheter make it 
preferable. The catheter is wedged (balloon deflated) in the 
right lower pulmonary lobe, posteriorly. With the catheter 
wedged, the patient is transferred to the nuclear medicine 





laboratory and placed under the high sensitivity collimator. 


of the Anger scintillation camera in a 40° right anterior 








oblique position. Recently the tomographic collimator has 
heen used in a fixed position to take advantage of its slant- 
ed hole configuration to lessen the distance between the 
heart and collimator. 

Technetium-99m pertechnetate, 8 mc in 1 to 1.5 ml sa- 
line, is injected into the dead space of the catheter lumen 
and flushed with 5 ml of normal saline solution. Pressure 
exerted on the syringe during injection is somewhat less 
than that used for coronary arteriography. Upon comple- 
tion of the imaging of the left side of the heart the catheter 
is withdrawn to the superior vena cava, its correct position 
having been predetermined fluoroscopically using the 
markings on it. À second injection. of 5 mc of ™Te per- 
technetate is made for imaging of the right side of the 
heart. 

Cardiac output is determined by dye-dilution technique 
using indocyanine green dye and calculated by the Stewart- 
Hamilton method. 

Collection of data: The system that accomplishes the 
collection, storage, playback and analysis of the scinti- 
graphic data consists of a standard Nuclear Chicago Pho/ 
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۱ tof L Left Heart Brn Fraction and 


bolus injection of radionuclide tracer using a wedged pulmonary arter 


these measurements obtained from left. cineventri 


tion of the radioisotope directly into the chamber of interest was n 
` desirable because of incomplete mixing. In addition, when the isotop 






t Ave., Denver, - | 















A technique is described for visualizing the left heart chambers with iha 






al catheter. Technetium-99m as pertechnetate is injected and th 

heart imaged. with an Anger scintillation. camera interfaced. to a digit: 
computer. Time-activity curves are extracted from. areas of intere: 
coincident with the cardiac chambers. and corrected for backgroune 







the chamber washout ات‎ Left | 
end-diastolic volume | determined by 






ci on. e Hon maion with 
lography. Correla- p 
tion was good. between the two methods. of data ar alysis, ejection - 





fraction. and exponential curve fitting. This. technique is an accurate | 
method for. measuring left heart function without performing left heart - 


catheterization. 


Attempts to sale caldiac function with dorape: have ben 


. made for more than 2 decades.” Early investigators utilized scintil- 


lation probes positioned over the precordium and various techniques - 
to introduce the radionuclide into the right and left heart chambers... 
Much useful information resulted, but it was recognized that injec - 







was introduced into the superior vena cava or pulmonary artery, the | 


left heart aspects of the radiocardiogram were difficult to analyze be- _ 


cause of the complex: transit function of the pulmonary circulation. — 
The invention of the Anger camera“ and the availability of short- 


. lived radioisotopes. allowed investigators to image the heart, and cen- H 
tral circulation and more definitive and useful radionuclide proce- . 


dures have been. developed. 5-8 Recently, Van Dyke et al? developed a 
method of extracting curves from the left heart chambers after injec- — 


tion into the superior vena cava. "These investigators recognized the © 


effect of scattered radiation on the time- -activity curves and devel- : 
oped empiric concepts to correct for this effect. — ^. n 

This communication describes a technique for. visualizing and 7 
quantitating left heart function using a catheter placed in the pulmo- 


nary arterial wedge position to introduce a discrete bolus injection of — 


radionuclide. This technique enables us to make qualitative visual . 
determinations of left atrial and ventricular function and mitral and = 
aortic valve competence. More importantly, quantitative determina- . 
tion of average values for ejection fraction by high-frequency (beat by . 
beat) analysis and end- diastolic volume by low- frequency (exponen- FE 
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„Gamma HP Anger camera which is interfaced to a : Digital | 


QN ` Equipment Corporation PDP-12 computer. The overall lin- 
Ex. earity of the system (including the camera to computer in- 
-. terface) has been verified as essentially undistorted for 
amounts of activity up to 8 mc of 9°™Tc (20,000 counts/sec) 
in air when using the high sensitivity collimator. During 
data collection, a magnetic disk is used for semipermanent 
storage of successive 32 by 32 element i images at framing 
rates of 20 frgmes/sec for a total of up to 500 frames. Thus, 
25 seconds of data may | be recorded. after a pulmonary arte- 
tial wedge or superior vena. caval injection, although gener- 
ally the data are edited immediately: after the study and 





only about 12 seconds of data per stady are retained for 


later playback and analysis. 


Lead Il or III of the electro sadip | is herded during € 
study. and used to determine heart rate, detect sponta- جح‎ 
۱ i 









Bs D “neously occurring premature. beats, anc study phase rela- 
. tions between the QRS complex and 


| systole | and diastole indicated by the radionuclide washout 














E. v y Sullivan í et alt Hn 








e the A. This ifo Sin to ior. ریوب‎ n sum or : difference ۰ 
images of any desired time segment, segments or individual — 


frames. These summed images provide better anatomic 
definition, which is essential in defining the à areas of inter- 
est for extraction for the time-activity curves. 


Eight areas of interest are defined: left atrium and. ven- 
triele, right atrium and ventricle and their respective. back- 


ground areas. The cardiac chamber areas of interest are so 


constructed that they just exceed the end- diastolic area of . 


the chamber (Fig. 1). The background areas are defined as 
: semiannular rings 2 cm wide surrounding the chambers of 
interest, avoiding | the areas of the great vessels (Fig. 1). The 













after subtraction of the associated background curve is rep- 
a resentative of the activity in the atria and ventricles. - 
m -Software capability has been developed for the PDP- 12 
` computer. which. permits interactive display-oriented curve 
ysis to be. conducted by. personnel having minimal 
- 0l ter experience. "This software allows the graphic dis- 
play (containing one or two of the curves being analyzed at 
any giv 


operation performed on the curves. For conventional analy- 
sis of cardiac flow studies, the following functions are per- 
formed on both the atrial and ventricular time-activity 


curves. First, the background curve is smoothed and multi- - | 
. plied so that its tail is tangential to that of the uncorrected - 


chamber washout curve. The resultant background-cor- 


rected chamber washout curve is then fitted with a single - 


exponent and the quality of the fit i is checked visually and 
by correlation coefficient. The time constant (a) of the 
curve is computed and end-diastolic volume (EDV) calcu- 
lated from the equation: 


where SV is stroke volume calculated from cardiac output 
and heart rate (HR), and t is 60/HR in seconds. 





۱ Equation 1 is derived from the work of Newman et al.,3 
5 chamber with competent vw valves the time constant (a) of the a 
‘as: 
` amount of indicator after n beats and t, is the time f. 


beats.13 From Newman et al. an و‎ relation for a is 
as — | E 


apparent points of 
| curves; 35 mm photographs are obtained at intervals of 2 


e voltime: by: the i سای‎ p method as سا‎ 


E iun he analy lysis begins ardent: hte chs as fea. ae a 
سب‎ valvular: tegureitation: and chamber arn : and | 
; and 


| Solving equation. T for EDV, equation Lis obtained as: E : 


` end-diastolic volume (EDV) is valid only und r the pr 

` sumption of valvular competence. If one assum ha 

. outflow valve only i is incompetent, this work « can é ex 
ed readily so that the quantity (1 — eat) is seen to 

` to the forward. ejection fraction. (FEF). ‘Thus, equat 


tions of insufficiency of tt 


| ‘under study. By this rat nale, a. discrepancy. of grea 
. time-activity curve that is extracted. from each chamber | 


. accurate values for the end-diastolic volume of the left ven- _ 


ven time) to be active at all times, thereby permitting - 
the operator to view instantly the result of each analytic 


EDV = SV/[(1— e] D 











` The total ejection fractions (TEF) for the atrium ‘an 
ventricle are computed from the fractional drop in the co: 
rected curve relative to the base-line curve between succe 
sive points of end-diastole and end-systole.?? This calci 
tion is performed using as many beats as can be detecte 
and then averaged. The end-diastolic volume can then be ۰ 
calculated from the ejection fraction and stroke volume by ` 


the equation implicit i in the definition of ejection fraction: 


‘EDV=SV/TE (QQ). 












who showed that for an idealized reciprocating pumping ` 


| - (LOG As — LOG Aj/t, ۱ E 
whete Ay is ‘the amount of indicator injected, Ag ds. the 





= (HR) 106 | 





E where’ ESV is: ihe. او تون‎ lime of the po 
۱ chamber. Rearrangement yields: E 


(HR) LOG ۳۳۷ - SU/EDVI. NS‏ = وت 


l eme 


- (SV/ EDV 1 











is E - SV/EDV - 


| EDV = ی ]رو‎ s os 
` The equivalence: of equations 1 1 and. 2 for deten Eu 





provides. the correct value of EDV even under the c 
e outflow. valve of the cham 





than 10 percent between the e nd-diastolic volume comput- 
ed from equation 1 and equation 2 is the fundamental - 
quantitative indication of valvular insufficiency. (In the — 
work presented here equation 1 has been found to provid he 






tricle in the presence of aortic insufficiency.) It can there- Hi 


. fore be assumed that this relation also applies to the left m 
A atrium under conditions of mitral insufficiency. This appli- zt 
‘cation of a mathematical solution derived by Metz and - 
Kirch!“ for determination of atrial and ventricular cham- i 
‘ber volumes under conditions of combined aortic and mi- . 


tral insufficiency i is reported separately. 15 


Methods 


Left ventricular cineangiography i is carried out for the — 
usual diagnostic reasons. Patients are studied in the post- 
absorptive state after medication with diazepam, 10 mg. 
orally, or diphenhydramine hydrochloride, 25 to 50 mg 
orally. Power injection of 48 ml of meglumine diatrizoate, ۱ 
76 percent (Renografin— 768, Squibb) over 4 seconds is | 


performed, with filming in the 40? right anterior oblique 


projection by an Arriflex-type camera at a speed of 60 
frames/sec. A calibration grid of squares, 1 by 1 cm, is . 
filmed with the grid positioned at the estimated point of 3 
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etal outline af T ete iberitrigle } is iecit front’ a series of 
dividual | cineangiographic frames of one. cardiac. cycle 





ntrast medium.” Premature beats and cyt 
ter premature beats are avoided. Cineangi 






tolic, respectively, and selected for volume computation. 





puted using the ellipsoid o 
8 and. the circa n 





LVEDV = 











A wy : 2 


e Constrictive | = 
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(mi); EDVexp = 
-mined from ejection fraction; EF = 


= ۱ stroke volume (mi). 


'ojected. from a Tag Arno viewer. Care is taken to select a. 


ultiple premature beats are discarded. The maximal and: 
inimal outlines are designated end-diastolic. and end-sys- |. — 


"Left ventricular. end-diastolic volume (LVEDV) is com- — 
volution concept of Arvids- ^. 
ou of Ver et al. using — 


U^ aus C statistical methods. 
- SLMe6 KCN JR TE (9) 5 ae. 


hone Li is the. measured. length from udine apex to mid- 5 
oint of thea aortic valve and Mi is the short axis determined. ۱ 


í “SV (green de) ——— 3 Om ۱ a i £F ۱ ۱ 


RHD, Ms oen 000 38 


CAD, MR. rU oU a 


aortic regurgitation; BSA = : body surface area a (m); CAD = = coronary. pro disease: EDV‏ = چم 
left ventricular end- diastolic volume. determined by. exponential fit; EDV, = left ventricular on -diastolic volume deter-‏ 
left. ventricular ejection fraction (perce nt); ESV =‏ 
idiopathic hypertrophic subaortic stenosis; MR = mitral regurgitation, MS = : mitral stenosis; RHD =‏ 


| "The area. or length à are. TT for: nob اف‎ Karey 

beams with use of the grid? 20 "The determinations described © 
above are. performed using an x-y digitizing table: inter- 
faced to the PDP-12 computer.  . 

. Left ventricular end-systolic volume (LVESV) i is deter- 


iac cycle within the first three cycles. after injection of | mined by the same technique, and stroke volume is calcu- 


les occurring = lated as the difference between LVEDV and LVESV. 


ograms with ` 


VE. Mem fraction (EF)i is calculated from the equation: | 
—' EF = = SV/EDV. s ee n aD 
Caidiac output i is ‘determined with indocyanine green 


` dye injected into the pulmonary artery and sampled from 
. the ascending aorta. The Stewart-Hamilton method i is used 
T for calculation of cardiac output.!! : 


Correlation. coefficients í 7 are calculated using standard 


Patients 3E‏ - از 
of the? first 100 ‘patients (all men ‘aged 29 to 64: years, av-‏ 


diee. 43. years). studied by the radionuclide technique, 29 
had an adequate left. ventricular cineangiogram available 


for determination. of left ventricular volumes. (Table. I). 
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-left ventricular end- -systolic volume (ml); IHSS 
= rheumatic heart disease; SV 


i T 
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These eee were. not selected except fot ines require- xt 
.. ments outlined above. ‘The 71 patients whose data were not fj 
` correlated either had an inadequate left cineventriculo- $ 
.. gram or had none at all. (patients with primary pou TEE 
2 hýpertension or severe aortic stenosis, for example). i 


| -Results oe bee A 
Ec the fi st 100 patients studied in the; nucle E 









۱ to » the سس‎ washout curves c related. e - 1 2 


E. NEM E 
3 Bee 











x EF) RADIOISOTOPE EN ۱ EDV (ml) iab مور‎ 1 HE 

| ` FIGURE 3. Comparison of left ventricular ejection fraction: (EF) mea- m FIGURE 4. Comparison of left. ventricular end-diastolic volume mea- E 
sured by radioisotope. technique with that measured from left cine- — sured from exponential curve fitting to the time-activity. curve with ^ 
` ventriculography. The identity line. of 45° is. shown. The correlation that measured from left. cineventriculography in 23 patients. The = 
`` coefficient is 0.84. By loast squares analysis, y= : 1 12x + 148 per- - identity line at 45? is shown. By least squares analysis y = 0.815x * S 


7 cent. ۱ ا‎ 23. 3 ml. The correlation coefficent is 0.95. 
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a no out eH PAR هوجو وب بجوم‎ EEE THERE EET ETE 


EFT VENTRICLE CAD NORMAL 
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LEFT HTRIUM CRO NORMAL 


mr titur 


FIGURE 5. Time-activity curves xtracted. from areas 6 of interest ‘coincident with the de atrium, left ventricle and ‘their backgt 


patient has coronary artery disease. with good left ventricular function. The spike. at the far left in each photograph represent: 7 
ity in the catheter as it traverses. the overlying right heart chambers. Prompt entry of activity. into the left atrium is apparent. Tim 


p on ce 
ground subtracted). An exponent has been fitted to the curve. C, curves from left ventricular area of inter- 


seconds. A, curves from left atrial area of interest and left atrial background (solid line) to demonstrate the tangential tail fitting 


curve corrected for background (ba 
st and left ventricular background: (solid line). The ejection fraction is 53 percent and calculated as the ratio of. end-diastolic i count rate (d) to 











e count rate (s) to the bur dede curve. D, corrected left ventricular ey € curve fitted with an exponent. : 


nary artery disease and good left ventricular func- 


Safety o of the Technique 


"Im approximately half” of. the Ta a portion 
(which we estimate at 15 to 35. percent). of the inject- 
ed radionuclide remains at the injection site. This ra- 
dionuclide is dissipated within minutes. The cause of 
this persistence of radionuclide is not known and sel- 
^-^ dom impairs the quality of the bolus entry to the left 
` heart chambers. No patient coughed or complained 
. of pain, and findings on serial clinical evaluation, 


chest X- -ray films and. perfusion-ventilation lung | 

scans have been normal. ۱ E ۱ 
It is common practice in cardiac cathe! erization to E 

flush a wedged pulmonary arterial catheter to estab- 





lish an undamped pressure. Complications - of this - 5 2 
procedure have not been noted. by usin 16 years of > ^. 


catheterization | experience, nor have they been dis- 


cussed in published reports. Volumes used for such a | 


flushing procedure are similar to those used in our - 
technique of wedged radionuclide angiocardiography. — 

The technique of wedged contrast arteriography 
has been widely practiced for the evaluation of the 
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, pulmonary vasculature.?!-?5 In this technique 2 to 3 
- ml of contrast material is injected into a catheter 
wedged in the lung. Multiple injections are frequent- 
` ly used and, although pulmonary infarction has been 
reported,?? complications are held to be rare. 

Animal studies: We have undertaken a series of 
animal studies to examine the safety of the technique 


of wedge injection and to attempt to define the na- 
ture of the persistence of radionuclide at the injec- 
tion site. Three or four wedged catheters were placed - 
in each of 11 mongrel dogs. 99m'T'c as pertechnetate d 


and radioiodinated serum albumin (RISA) were in- 


jected. Flushing volume was varied, multiple injec- E 


tions were made into a catheter and sequential i injec- 
tions of different radionuclides - were made. After 


completion of. the study. the dogs were killed and - 


gross and: وت‎ examination of the lungs un- 
dertaken. 


^o 200 With use of the TF Swan- Gane catheter, wedged 
زو‎ the balloon deflated, pulmonary hemorrhage at _ 
the injection site could be regularly produced by - 
‘flushing with 10 ml of saline solution. Interestingly, ۱ 
E radionuclide persistence did not necessarily. occur in | 
the presence of marked hemorrhage. When 5 ml of | 


flushing solution was used, pulmonary hemorrhage 
was not observed. With use of the 5F Swan-Ganz 


catheter, hemorrhage was not. observed. using either 5 


or 3 ml of flushing solution. Radionuclide persistence 
at the site of the wedge injection was not diminished 


by use of RISA, and sequential. injection into the 
same site was not associated with increase or de- - 


crease of persistence unless it ‘was not present with 
the first injection. 


The tendency of 2 to persist at the site 
of the wedge injection seems to- be positionally de- - 
pendent i in TD to anterior-posterior relations of | 


i - ture. For this reason we “advocate placement of the 
` ` catheter posteriorly in this technique. Perhaps the 
T positional relation is related to the critical closing 
E . pressure. of the capillary beds involved, in that the 
Es uppermost (anterior) vessels of the. lung may be 
`. closed. It is our opinion that the restriction of flush 


E injectate to less than 5 ml provides a Dp that 
is without clinical hazard. B " 
Discussion | 


We have developed a technique for left heart visu- 
alization and. quantitation of left heart function. This 


technique utilizes a catheter placed in the pulmonary 


arterial wedge position for delivery of radionuclide. 
The principal advantage of this technique is that a 
bolus injection of radionuclide is introduced through 
the wedge into the left atrium without the necessity 
of left heart catheterization. l 

Bolus entry of radionuclide ino the left heart 
chambers allows the background corrected washout 
curves from left atrium and ventricle to be fitted with 
exponents, permitting calculation of end-diastolic 
volume by equation 1. Analysis of the high-frequency 









(hat to beat) data allows measurement of the ejei- 
tion fraction of these chambers. p 


In our technique the values derived for left veftris 


ular ejection fraction (high-frequency data) and left 


ventricular end-diastolic volume (high- and low-fre-. 


quency data) correlate well with values determined 
from contrast ventriculography. In addition, there is 
| good correlation between the two methods of analysis 
` of the radionuclide data for determining left ventric- 
` ular end- diastolic. volume (from ejection fraction and. 
. from. the time constant of thè chamber washout : 
curve). ۱ 


The و امه‎ ۳ by this method are quite š 
high. Between 500 and 1,000 counts per 50 msec (10 
to 20 kilocounts/sec) from the left ventricular area of- 
interest are obtained, which exceeds the count rate. 
usually achieved from the left ventricular area of in- 


terest after right-sided injections. This technique 
"uses standard commercially available equipment, the 


Anger camera and a small dedicated digital comput- 
er. The radionuclide, "Te pertechnetate, is easily. 


۱ prepared froma commercially available generator. — 


Because. 99"Tc does not remain in the vascular. 


space, our technique as described requires the inde- 
. pendent determination of cardiac output. In our. 
` study cardiac output ' was measured with indocyanine 
green. dye injected. into the pulmonary artery and 
sampled from the “ascending aorta. Cardiac output. 


can also be accurately assessed with 99۳۳۲۵ bound to. 
T . albumin  (99mT cHSA). 24,25 Injection of- 
A anto the superior. vena cava would thus 






yield ana accurate value for cardiac output, and this 
l radionuclide could be used for a heart study: In addi- 





ardiac output can be determined without arte- 
rial catheterization using the Swan-Ganz balloon-. 
tipped, flow-directed thermodilution catheter26.27 , Or. 


` with !i5nIndium and precordial counting with a sein- 
tillation probe. 28 | 


Inspection of. Figure’ 3 reveals. that AUG is. 


| good. between left ventricular ejection fractions de- 
termined from the high-frequency data from left ven- ` 


triculography at ejection fractions of less than 65 per- 


cent. With higher ejection fractions the correlation is - 


less good. A possible. cause for the poor correlation 


with higher ejection fraction is inadequate SPESE 


for the effect of scattered radiation. | : 

Correction for radiation scatter: This is an es- ۱ 
sential aspect of this study. Van Dyke et al? have. 
proposed a correction technique that they and Weber - 
et al?9 have successfully applied. The method in- 
volves outlining. a background area of interest about | 
the perimeter of the left ventricle, including the aorta ۰ 


and left atrium, which is equal in area to that of the 


left ventricle. The trailing edge of the curve defined: 
by the end-systolic. points of the background time- 
activity curve is matched to the trailing edge of the 
left ventricular curve and subtracted from the left 
ventricular curve to obtain the corrected left ventric- 
ular washout curve. E 
Van Dyke's correction, when applied to our data, 
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increases the ejection fractions appreciably in pa- 
tients with normal findings, but does not alter the 
ejection fractions in the data obtained from patients 
with left ventricular dysfunction. The principal dif- 
















ds the inclusion of radionuclide activity from the left 


apparent that our method for correction is sufficient 





tion fraction exceeds 65 percent. It should be pointed 
out that our left atrial background is designed to cor- 


۳ Prinzmetal M, TM E, Bargmañ HC, et al: Radiocardiogra: ^ 


~~ phy: a nev method. for studying the blood flow through the | 
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۱ tion. of therapy. in diseases of the heart and great vessels, Circu- 
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.— '. conditions. Am J Physiol 99:534-551, 1932 _ 
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‘ference in the two methods of background correction | 


trium and aorta in the method of Van Dyke et al. _ 
and its exclusion in. the method described herein. It is 


when left ventricular function is normal or depressed, 
but may not be adequate when left ventricular ejec- 


:- rect the left atrial curve for activity i in the descending | 


sualization of the heart and great vessels in man using the wide- 


x photographic method for jr detecting. regional ventricular u 
9. Van Dyke D, Anger HO, Sullivan RW, et al: Cardiac evaluation 1 


0. i Swan HJC, Ganz. W, Forrester. T, etal: Catheterization of. the 


T which, in the 40? right anterior oblique projec- : 


SCINTIGRAPHIC TECHNIQUE FOR MEASURING VENTRICULAR VOLUME—STEELE ET AL 


tion, courses behind the left atrium (through the left 


| attal area of interest) (Fig. 1). 
A potential difficulty in the use of this technique i is 


the precise identification of the mitral and aortic 


valves required for accurate determination of the left 


atrial and ventricular time- -activity curves. This iden- 


tification is facilitated by using the right anterior 
oblique projection and by the ability of the نت‎ QE 


tosum frames. 
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FIGURE 1. Normal right ventricular outflow tract. A, Keeshond no. 324; 1 year old male. A = anterior papillary muscie; L = left cusp of pulmonic 
valve; P = papillary muscle of the conus; R = right cusp of pulmonic valve; T = anterior leaflet of tricuspid valve. B, 1 year old female mongrel 
no. 394. Keith’s raphe (arrows) extends from the medial aspect of the papillary muscle of the conus (P) to the middle of the left pulmonic valve 
cusp (L). 





FIGURE 2. Absence of the papillary muscle of the conus and persistence of the conus septal fusion line. A, Keeshond no. 297; 3 month old 
male. The right ventricular outflow tract has been opened by removing the free wail of the right ventricle. The papillary muscle of the conus is 
missing, and there is a persistent conus septal fusion line (arrows) which extends from the lower central border of the crista supraventricularis 
to the commissure between the right (R) and left (L) cusps of the pulmonic valve. B, Keeshond no. 350; 8 month old male. The right ventricular 
outflow tract has been opened as in A. There is no well defined papillary muscle of the conus. Thickened chordae tendineae from the anterior 
and septal leaflets of the tricuspid valve insert at the lower central border of the crista supraventricularis along a persistent conus septal fusion 
line (arrows). 
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FIGURE 3. "ARE of the B E septum (right v ventricular E A, Keeshond h no. . 504; 2 1/2 month old female. The right ventricu- . 
lar outflow tract has been opened to reveal a small triangular shaped aneurysm at the lower central border of the crista supraventricularis (ar- - 
rows). The apex of the aneurysm is oriented along the conus septal fusion line. The papillary muscle of the conus is missing. B, Keeshond no. = 
255; 2 month old male. The opened right ventricular outflow tract shows an ovoid depression occupying the lower half of the mid-portion of the: : 
crista supraventricularis. Only a thin membrane separates the right and left ventricular outflow tracts in this region. The left ventricular side m 


this aneurysm can be seen in Figure 4A. 


colono) conditions. Mature dogs and: ened pups were fed 
Ken L Meal or Wayne dog meal mixed with water and Ken 
L Ration canned dog food. There was no known exposure 
of animals to teratogenic agents and none of the females 
showed signs of infectious or. other disease during pregnan- 
cy. Pups born of test matings were whelped in heated pens 
and survivors were weighed and examined daily for the 
first 6: weeks after birth. Immunization for canine distem- 
` per and hepatitis was carried out at 6 weeks. Subsequently, 


` pups were observed daily and cardiac catheterization and 


angiocardiography were performed at 8 to 12 weeks of age. 

Pups of this age are comparable i in physical development to 
children of about 2 to 3 years of age. After these studies, 
dogs not retained for further breeding PEE were 
killed and underwent autopsy. 

Initially, the cardiovascular phenotypes of surviving dogs 
were determined by clinical examination, cardiac catheter- 
ization and angiocardiography. Although delineation of de- 
fects in obviously affected dogs by this means was accurate, 
it was found that some -clinically normal offspring had 
minor malformations that could only be detected at post- 
mortem examination. Phenotypic classification of normal 
parents and offspring involved in our genetic analysis is 
therefore based on postmortem anatomic study of the 
heart. Phenotypic classification of dogs with cardiovascular 
malformations was based on postmortem findings m 217 
dogs and on evidence from cardiac catheterization and an- 
giocardiography in 21 surviving dogs. 

Pedigree information, along with pathologic and other 
data regarding each dog, was coded and stored on magnetic 
tape. Retrieval and analysis was assisted by a laboratory 
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digital RTA {Line 8 Laboratory Computer: Digital 
Equipment Corporation, Maynard, Mass.) : 


| Observations 
۱. Cardiovascular Pathology 


Cardiovascular anomalies were present in 217 of | 
352 dogs (61.6 percent). x 


Intracardiac Anomalies 


The intracardiac anomalies with few exceptions in- . 
volved the outflow tracts of the ventricles, that is, the . 
basilar portion of the ventricular septum and the " 
crista supraventricularis and commonly also the pul- 
monary valve. The ae of severity varied greatly, ` 
resulting in a “family” or “spectrum” of anomalies.  - 

1. Anomalies involving the ventricular outflow 
tracts (189 dogs, 53.7 percent): We found it useful . 
in relation to the genetic studies to arbitrarily distin- 
guish three degrees of severity: 

a. Grade 1 defects (80 dogs, 22.7 percent): These . 
consisted of minor anatomic abnormalities of the 
crista supraventricularis which were readily apparent - 
on postmortem examination of the heart but were 
clinically “silent,” since they did not result in intra- 
cardiac shunts or other detectable hemodynamic ab- | 
normalities. The following anomalies occurred either | 
singly or in various combinations: absence of the pa- — 
pillary muscle of the conus, persistence of the conus © 
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FIGURE 4. Aneurysm of the conoventricular septum (left ventricular Aspect). A, Keeshond no. 255; 2 month old male. The left ventricular out- 
` flow tract has been opened to show an aneurysm of the ventricular septum (arrows) beneath the right coronary cusp of the aortic valve (R). 

The right ventricular aspect of the aneurysm can be seen in Figure 3B. B, Keeshond no. 500; 2 1/2 month old female. There is an ovoid depres- 

sion beneath the right coronary cusp of the aortic valve (R). The center of the depression contains an oblique, slit-like orifice that extends to the 
~ tight ventricular outflow tract (arrow). Although a probe could be passed through this opening, angiocardiographic studies in life revealed no evi- 
- dence of blood flow through it. 
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FIGURE 5. Small ventricular septal defect. A, Keeshond no. 365; 5 month old female. The right ventricular outflow tract has been opened to 
show a small ventricular septal defect (arrows) at the lower central border of the crista supraventricularis. The long axis of the defect is orient- 
ed along a persistent conus septal fusion line that appears as a fibrous line extending from the region of the ventricular septal defect to the com- 
missure between the right (R) and left (L) pulmonic valve cusps. The papillary muscle of the conus is missing. B, opened left ventricular outflow 
tract of the dog in A, showing the ventricular septal defect (arrows) beneath the right coronary cusp of the aortic valve (R). 
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septal fusion line and aneurysm of the ventricular 
septum. 

Absent papillary muscle of the conus: 'The papil- 
lary muscle of the conus or medial papillary muscle is 
consistently present in normal dogs of all breeds, and 
in dogs with cardiovascular malformations not attrib- 
uted to maldevelopment of the conotruncal septum 
(Fig. 1). In,a series of 1,169 autopsies on dogs unrelat- 
ed to the Keeshond breed, a well developed medial 
papillary muscle was always present. It receives 
chordae tendineae from the adjacent anterior and 
septal cusps of the tricuspid valve. Embryologically, 
the papillary muscle of the conus is derived from the 
. Sinistro-ventral conus swelling.?* As pointed out by 
Grant et al.,? absence of this papillary muscle should 
be viewed as a congenital cardiac defect, even though 
no hemodynamic abnormality is produced. 


Persistence of the conus septal fusion line: In dogs 


from the Keeshond family, a fibrous raphe was often 
found at the expected location of the conus septal fu- 
sion line (Fig. 2). Persistence of the conus septal fu- 


sion line was distinguished from the superficial de- 


pression described by Keith? as a raphe. Whereas the 
conus septal fusion line extends to the commissure 
between the right and left cusps of the pulmonary 
valve (see Fig. 2, 5 and 8), Keith's raphe frequently 


+ 


ERR 14 


FIGURE 6. Large ventricular septal defect with overriding aorta. A, Keeshond no. 379; 2 month 












terminates beneath the left pulmonary valve cus] 

(Fig. 1B). Further evidence to support the concept o 
the conus septal fusion line has been provided by ob 
servations in pathologic material in man. Goor et al. 
have noted that ventricular septal defects of the type 
believed to be due to failure of fusion of the conus 
swellings lie at the expected location of the conus 


septal fusion line. ; 


Aneurysm of the ventricular septum: Aneurysms 
of the ventricular septum as seen from the right ven-. 
tricular outflow tract were found in the proximal por- 
tion of the crista supraventricularis along the conus 
septal fusion line, approximately at the expected: 
location of the papillary muscle of the conus (Fig. 3. 
and 8). The papillary muscle itself was usually ab 
sent. As seen from the left ventricular outflow tract 
the aneurysm usually appeared as a depression or di- 
verticulum beneath the right coronary cusp of the. 
aortic valve (Fig. 4and 8). — E 

b. Grade 2 defects (62 dogs, 17.6 percent): Mal- 
formations in this category consisted of either a ven- 













tricular septal defect or pulmonic valve stenosis. 


Grade 2 defects were always accompanied by one or^ 
more of the lesions described as "grade 1 defects." — | 

Ventricular septal defect: When a ventricular sep- . 
tal defect was present, whether large or small, it was. 














e 


old female. The right ventricular outflow tract has 


been opened to reveal a large circular ventricular septal defect (V). The crista supraventricularis is hypoplastic and deviated anteriorly. A faint fi- 
brous line extends from the upper central border of the ventricular septal defect to the commissure between the right (R) and left (L) pulmonic . 
valve cusps (arrows). The papillary muscle of the conus is missing. B, opened left ventricular outflow tract of the dog in A. A large ventricular . 
septal defect extends beneath the right coronary cusp (R) and noncoronary cusp (N) of the aortic valve. The subaortic rim of the ventricular sep- : 
tal defect (arrows) lies to the right of the crest of the muscular portion of the ventricular septum. 
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located at the same site as the aneurysms of the ven- 
tricular septum described previously. As in the case 
of aneurysms of the ventricular septum, small ven- 
tricular septal defects characteristically were orient- 
ed with their long axes along the conus septal fusion 
line and were surrounded by an area that was lacking 
in myocardial development (Fig. 5). In newborn ani- 
mals, the endocardial tissue surrounding the defect 
was greyish and translucent in appearance and soft 


ules were frequently found bordering the defect, in ۰ 


some cases nearly occluding it. 

In large ventricular septal defects, the crista supra- 
ventricularis appeared displaced anteriorly and the 
aorta overrode the ventricular septum (Fig. 6). In the 
hearts of young pups, the poorly muscularized crista 
frequently appeared thin and translucent; in the 
hearts of mature dogs it was white and,fibrous. As 
seen from the left side, small ventricular septal de- 

















fects were located beneath the right coronary cusp of 
the aortic valve (Fig. 5B). Larger defects extended 


and friable in consistency. In older animals it was 
opaque, white and tough (Fig. 5). Small fibrous nod- 





FIGURE 7. Puimonic stenosis. The main pulmonary artery has been severed transversely and the pulmonic valves are viewed from above. in 
each case, the anterior cusp (A) is at bottom. L = left cusp of the pulmonic valve; R = right cusp of the pulmonic valve. A, Keeshond no. 299; 3 
month old female. All three valve cusps are thickened, and the left cusp is reduced in size. B, Keeshond no. 132; 6 1/2 year old female. The pul- 
monary valve is bicuspid owing to fusion of the right (R) and left (L) cusps. A false raphe' (arrows) marks the line of fusion of the two cusps. The 
free edges of the cusps are thickened and the commissures are fused at their origin from the wall of the sinus of Valsalva. C, Keeshond no. 
350; 8 month old male. All three cusps are moderately thickened and have an irregular, nodular surface. The left cusp (L) is hypoplastic, ap- 
pearing as an irregular pad with no excavation behind it, D, Keeshond no. 185; 5 year old female. This dog had a ventricular septal defect, and 
subvalvular and valvular pulmonic stenosis. The pulmonic valve is dome-shaped. It is attached to the wall of the sinus of Valsaiva by two fused 
commissures. The commissure at left (arrow) lies opposite the commissure between the right and left coronary cusps of the aortic valve, and 
therefore probably corresponds to the division between the right and left pulmonic valve cusps. The right cusp of the pulmonic valve appears to 
be absent, the dome-shaped structure consisting of the anterior and left cusps. 
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beneath the commissure between the right and non- 
coronary cusps as well (Fig. 6B). 

Pulmonic stenosis: This defect took the form of 
thickening, fusion or hypoplasia of the pulmonic 
valve cusps (Fig. 7). In some cases all three lesions 
were present. When fusion or hypoplasia of valve 
cusps occurred, it always involved the right and left 
posterior cusps (Fig. 7, B and C, and 8B). In some 
dogs all three cusps were present but markedly dys- 
plastic (Fig. 7A). Subvalvular pulmonic stenosis was 
not observed in dogs with grade 2 defects. Although 
by definition dogs with pulmonic stenosis classified 
as grade 2 defect had no ventricular septal defects, in 
all cases there was an anomalous crista supraventri- 
cularis. The papillary muscle of the conus was always 
absent and a persistent conus septal fusion line or an- 
eurysm of the ventricular septum, or both, was usual- 
ly present (Fig. 8). 

c. Grade 3 defects (47 dogs, 13.4 percent): In this 
group of defects, pulmonic stenosis and ventricular 
septal defect occurred in the same heart and one or 
more grade 1 defects were also always present. The 













size of the ventricular septal defect and the degree | 0 
pulmonic stenosis varied. 

The mildest form of grade 3 defect consisted of a 
small ventricular septal defect with little or no aortic 
overriding, and a mild degree of pulmonic valve ste- 
nosis. As in dogs with grade 2 defects, pulmonic ste- 
nosis was caused by thickening, fusion or hypoplasia 
of the pulmonic valve cusps or a combination of these 
lesions. Subvalvular pulmonic stenosis was not pres- 
ent. The papillary muscle of the conus was always ab- 
sent and there frequently was a persistent conus sep- 
tal fusion line. Surviving animals with this combina- 
tion had small left to right shunts and were asymp- 
tomatic. i 

An intermediate form of grade 3 defect consisted 
of a large ventricular septal defect and overriding 
aorta with anterior displacement and hypoplasia of: 


the crista supraventricularis. Both valvular and sub- 


valvular pulmonic stenosis were usually present (Fig. 
9), The pulmonic valve was frequently bicuspid be- 
cause of fusion of the right and left cusps or hypopla-- 
sia of the right or left cusp (Fig. 7D and 9B). The pul- 


FIGURE 8. Pulmonic stenosis with anomalous crista Op ENSUE Oy no. 38; 9 1/2 year fold female. A, pend right ventricular out- 
flow tract, showing aneurysm of the ventricular septum (arrows) situated at the lower extremity of a broad fibrous persistent conus septal fusion 
line. The papillary muscle of the conus is absent. B, view of the stenotic pulmonic valve. The dilated pulmonary artery has been transsected, and 
the valve is viewed from above. The right cusp of the pulmonic valve has been reduced to a ridge with no excavation behind it (arrows). The an- 
terior (A) and left (L) cusps of the pulmonic valve are thickened. There is poststenotic dilatation of the main pulmonary artery. C, close-up view 
of the aortic valve and left ventricular outflow tract. There is a deep depression in the anterior portion of the interventricular septum immediately 
below the right coronary cusp (R) of the aortic valve (arrows). This depression lies opposite the area delineated by arrows in A. A thin fibrous 
partition separates the bottom of the depression from the right ventricular outflow tract. The enlarged orifice of the right coronary artery can be 
seen above the right coronary cusp of the aortic valve. N = noncoronary cusp of the aortic ۷۰ 
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FIGURE 9. Grade 3 conotruncal septal defect (tetralogy of Fallot). Keeshond no. 246; 4 year old female. A, the right ventricular outflow tract has 
been opened to show a thickened right ventricular wall, a large ventricular septal defect (V) and an overriding aorta. The ventricular surfaces of 
the aortic valve cusps can be seen above the ventricular septal defect. Subvalvular pulmonic stenosis is produced by a fibrous subvalvular ring 
(arrow). B, stenotic pulmonic valve viewed from above. The valve is essentially bicuspid, owing to hypoplasia of the right cusp (R) which ap- 
pears as a small opaque pad of endocardial tissue between the anterior and left cusps. C, cut-away view of the distal right ventricular outflow 
tract showing the infundibular chamber. The floor of the chamber is formed by a fibrous partition with a circular central orifice (arrow indicates 
direction of blood flow). A tag of endocardial tissue protrudes into the orifice. PA = main pulmonary artery; RV = right ventricle. 


monary artery was hypoplastic and the ascending 
aorta and aortic arch were dilated and tortuous. Sur- 
viving dogs were clinically cyanotic and had poor ex- 
ercise tolerance, although five lived to more than 5 
years of age. Some specimens pathologically closely 
resembled tetralogy of Fallot as seen in man. 

In the most severe form of grade 3 defect, there 
was a large ventricular septal defect and dextroposi- 
tion of the aorta with pulmonic valve atresia and ex- 
treme hypoplasia of the pulmonary trunk (Fig. 10). 
Blood reached the pulmonary arterial system 
through enlarged bronchial arteries (Fig. 10C). In 
some cases there was no trace of a ductus arteriosus. 

One dog with a large ventricular septal defect and 
pulmonic stenosis had extreme dextroposition of the 
aorta with loss of aorticomitral fibrous continuity. 
This animal is thus classified as having a double out- 
let right ventricle with pulmonic stenosis. 

2. Tricuspid valve anomalies (4 dogs, 1.1 per- 
cent): In nearly all dogs with conotruncal septal de- 
fects, the chordae tendineae of the tricuspid valve 
which normally insert on the papillary muscle of the 
conus were absent or anomalous (Fig. 2 to 6, 8 and 9). 
In addition to these minor anomalies, a few dogs had 
more extensive, hemodynamically significant malfor- 


mations of the tricuspid valve. In two dogs, markedly 
thickened tricuspid valve cusps were bound down by 
short, thick chordae tendineae, producing a rigid 
valve that was both stenotic and incompetent (Fig. 
11). A stillborn pup with a ventricular septal defect 
and pulmonary valve atresia had similar changes in 
the tricuspid cusps and chordae tendineae, and in ad- 
dition, the valve was atretic. In another dog with a 
small ventricular septal defect and moderate pul- 
monic stenosis, an anomalous muscle band replaced a 
portion of the anterior cusp of the tricuspid valve and 
anterior papillary muscle (Fig. 11). 


Extracardiac Anomalies 


1. Anomalies of the aortic arch system (118 
dogs, 33.5 percent): A right aortic arch, so common 
in association with conotruncal anomalies in man, 
was not observed. A number of other abnormalities, 
however, were often seen, usually in association with 
the intracardiac anomalies previously described but 
occasionally also as isolated defects. 

Anomalies of the ductus arteriosus: The ductus 
arteriosus of the dog is anatomically closed by the 
end of the 1st week of life although histologic changes 
in the architecture of the vessel wall continue for 
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FIGURE 10. Grade 3 conotruncal septal defect (pseudotruncus arteriosus). Keeshond dog; 2 month old female. Cyanosis and a continuous mur- 
mur were evident before death. A, frontal view of the heart and great vessels showing a dilated tortuous ascending aorta (Ao) and a hypoplastic. 
main pulmonary artery (arrow). The ductus arteriosus is absent. B, close-up view of the main pulmonary artery and its two major branches. The 
main pulmonary artery is atretic. Retrograde filling of the right pulmonary artery (RPA) and left pulmonary artery has occurred through an en- 
he larged bronchial circulation shown in C below. C, right lateral view of the descending aorta (Ao! showing large, tortuous bronchial arteries (B) 





ae that cross the esophagus (E) to enter the'hilar region of the lung. | 
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Retroesophogeal Lateral Persistent 
Ventricular Dilated Ductus Right Origin of Left Tricuspid 
Outflow Tract Dogs Ascending Divertic- Subclavian Aortic Cranial Valve 
Anomaly Grade (total no.) Aorta ulum PDA ’ Artery Arch Branches Vena Cava Anomalies 


we 








None 163 1.84 3.68 4.29 1.84 0.61 2.45 0.00 

Grade 1 80 15.00 6.25 10.00 3.75 1.25 2.50 1.25 

Grade 2 62 35.48 1.61 3.23 3.23 1.61 4.84 1.61 

Grade 3 47 100.00 2.13 19.15 12.77 6.38 10.64 4.25 
5 Total 352 23.86 3.69 7.39 3.98 1.71 3.98 1.14 
E PDA = patent ductus arteriosus. 
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FIGURE 11. Tricuspid valve anomalies associated with conotruncal 
^, septal defects. A, tricuspid valve stenosis. Keeshond no. 559; 5 
... week old male. The right ventricular outflow tract has been opened 
<< to show a thickened tricuspid valve with short thickened chordae 
` tendineae. A persistent fusion line of the conotruncal septum is seen 
as a deep furrow in the crista supraventricularis (arrows). APM = 
anterior papillary muscle; P = pulmonic valve. B, anomalous muscle 
band associated with the tricuspid valve. Keeshond no. 498, 2 1/2 
month old female. The right ventricular outflow tract has been 
opened to show a small slit-like ventricular septal defect (arrows) 
` and a large muscular band (MB) tha: extends from the tricuspid valve 
ring to the lower extremity of the septal band at the usual location of 
the anterior papillary muscle. The cut end of free running false ten- 
dons can be seen leaving the lower extremity of the band (f). 


some time thereafter.?-19 After the Ist week persis- , 
tent patency on postmortem examination or func- 
tional patency as demonstrated by clinical methods 
was recorded as patent ductus arteriosus. In dogs 
with a patent ductus arteriosus of large size, there 
were secondary changes in the heart and great vessels 
attributable to left to right shunting at the level of 
the great arteries. Patent ductus arteriosus with pul- 
monary hypertension and reversal of shunt was not 
observed. The ductus arteriosus generally was funnel 
shaped, being largest at its origin from the aorta (Fig. 


| 12). Partial closure of the ductus arteriosus occurred 


in a number of dogs, resulting in a blind diverticulum 
arising from the aorta. This lesion, previously de- 
scribed as a forme fruste of hereditary patent ductus 
arteriosus in poodle dogs,!! was recorded as ductus 
diverticulum. Occasionally in animals with grade 3 
defects, the ductus arteriosus was totally absent, an 
anomaly sometimes also seen in patients with so- 
called end-stage tetralogy of Fallot. 

Anomalous origin of the right subclavian artery: 
This anomaly was similar pathologically to that seen 
in man. The right subclavian artery arose from the 
descending aortic arch distal to the brachiocephalic 
trunk and ran a course dorsal to the esophagus to 
reach the right front limb (Fig. 12A). Normally in the 
dog, the right subclavian artery and the two carotid 
arteries arise by means of a common stem from the 
aortic arch, a condition occasionally seen in man as a 
minor anomaly. In the normal dog, therefore, the aor- 
tic arch has only two branches rather than three. 

Dilated, elongated and tortuous ascending aorta 
and aortic arch: In this abnormality the ascending 
aorta and aortic arch appeared to be too wide and too 
long. The affected segment of the aorta, being an- 
chored at its root by the heart base and at its caudal 
end by the ligamentum arteriosum or ductus arterio- 
sus, appeared to be buckled as it passed dorsally and 
to the left (Fig. 12B). The abnormality was always 
present to some degree in dogs with grade 3 defects of 
the outflow tract but also occurred in dogs with lesser 
degrees of that anomaly and, interestingly also, very 
rarely as an isolated lesion. Initially, we believed the 
abnormality to be a secondary one induced by altered 
hemodynamics produced by the intracardiac defects 
and comparable to the generally large and somewhat 
elongated aorta as seen in human patients with te- 
tralogy of Fallot, but this cannot explain its appear- 
ance as an isolated lesion. 

Lateral origin of the aortic arch branches: Not un- 
commonly the brachiocephalic trunk and the left 
subclavian artery originated from the right lateral as- 
pect of the aortic arch rather than from its convexity 
(Fig. 12B). This abnormality was always associated 
with a dilated, elongated and buckled aortic arch and 
almost certainly is a secondary, not primary, anomaly 
of the aortic arch system. 

2. Persistent left cranial vena cava: A persistent 
left cranial vena cava draining into the coronary 
sinus was found in 14 dogs (Fig. 12A). This vessel is 
homologous to a persistent left superior vena cava in 
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FIGURE 12. Anomalies of the aortic arch system. A, retroesophageal right subclavian artery, patent ductus arteriosus, and persistent left cranial 
vena cava. Keeshond no. 34; 1 month old male. Dorsal (posterior) view of the aorta and its major branches. The dorsal wall of the aorta has 
been cut away in the region of the ductus arteriosus. The dilated origin of a patent ductus arteriosus (D) can be seen. The right subclavian artery 
(RS) leaves the aorta caudal to the brachiocephalic trunk and passes to the right over the dorsal surface of the esophagus (E). A small persis- . 
tent left cranial vena cava can be seen crossing the lateral surfaces of the aorta and pulmonary artery (arrows). B, dilated, tortuous ascending — 
aorta and anomalous arterial branching. Keeshond no. 186; 1 year old female. The ascending aorta (Ao) has an abnormal course. Its initial por- 
tion passes dorsally and toward the right, but then abruptly crosses to the left, resulting in “buckling” of the arch of the aorta. The brachioce- 
phalic trunk (BT) and left subclavian artery (LS) arise from the right lateral aspect of the aorta, rather than from its mid-sagittal plane. 


man. The vein was usually small and in all cases was 
associated with a normal right cranial vena cava. 


Association of Anomalies involving the Ventricular 
Outflow Tracts with Other Cardiovascular Malformations 


The distribution of aortic arch defects, tricuspid 
valve defects and persistent left cranial vena cava 
among dogs with and without malformations of the 
ventricular outflow tract is given in Table I. In gener- 
al, there was a low incidence of these malformations 
in dogs without ventricular outflow tract anomalies 
and they increased in frequency with the severity of 
the outflow tract lesion. The malformations most 
commonly associated with outflow tract defects were 
vascular anomalies attributable to maldevelopment 
of the aortic arch system. These were present in 99 of 
the 101 dogs with ventricular outflow tract anomalies 
plus additional malformations. Persistence of the left 
cranial vena cava and tricuspid valve defects oc- 
curred with much lower frequency. There was a ten- 
dency for aortic arch malformations to occur togeth- 
er. Of the total of 118 dogs with aortic arch malfor- 
mations, 24 (20.34 percent) had two members of the 
group. The most common combinations were retroe- 
sophageal right subclavian artery and a dilated, tor- 





tuous ascending aorta (10 dogs) and patent ductus 
arteriosus with a dilated, tortuous ascending aorta (9 
dogs). Four of the 118 dogs with aortic arch malfor- 
mations had a combination of three aortic arch de- 
fects. T'wo of these had patent ductus arteriosus, a di- 
lated tortuous ascending aorta, and a retroesophageal 
right subclavian artery. 


Interpretation of the Pathologic Findings 


The conotruncal region of the embryonic heart is 
partitioned longitudinally by a system of paired en- 
docardial swellings or cushions that develop opposite 
to each other and fuse along a spirally arranged 
course.^* Fusion of the ridges occurs first in the trun- 
cal region, dividing it into pulmonary and aortic 


channels, and later in the conal region, partitioning 


the right and left ventricular outflow tracts.?^* Al- 
though the conal septum and truncal septum are 
often for convenience considered to be discrete en- 
tities, it is important to recognize that in the embryo, 
they are subdivisions of a continuous septal system 
that may be termed the conotruncal septum. 

The conal portion of this septum contributes to the 
anterior ventricular septum, and presents on the 
right ventricular side as the crista supraventricularis 
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. and on the left as a small area of the smooth septum 


b immediately beneath the right coronary cusp of the. 


< aortic valve.3*" The papillary muscle of the conus, its 
`` chordae tendinae, and the most medial portion of the 
` anterior leaflet of the tricuspid valve are also derived 
from the proximal portion of the conal septum.*4 

"The truncal subdivision of the conotruncal system 


















































Valsalva. ae > | 
`. The distribution of cardiovascular malformations 
in the Keeshond dogs described in this report corre- 
“sponds closely to structures derived from the cono- 
- truncal septum, suggesting that the primary develop- 
mental disturbance affects this region of the embry- 
- onic heart in a specific way. The spectrum of lesions 
lescribed as grade 1, 2.and 3 defects of the ventricu- 
ar outflow tract appears to represent various degrees 
of maldevelopment of the conotruncal septum. The 
mildest lesions occur at the lower border of the crista 
supraventricularis, indicating that the proximal por- 
tion of the conal septum is first affected. Increasing 
` severity of the underlying developmental derange- 
ment results in an accumulation of defects that ex- 
end to the truncal septum as well. The cumulative 
^ nature of the abnormality is evident from the fact 
-that grade 2 defects are always accompanied by grade 
1 defects, and grade 3 defects are a further accentua- 
` tion of grade 2 defects. Evidence of the cumulative 
` effect is seen even within grades. In dogs whose intra- 
` cardiac anomalies were limited to grade 1 defects, the 
most common single anatomic abnormality was ab- 
` sence of the papillary muscle of the conus. 'This le- 
-sion occurred as an isolated lesion in 34 percent of 
_ dogs with grade 1 defects and was present in 47 of 50 
` dogs (94 percent) with persistence of the conotruncal 
J septum fusion line, aneurysmal thinning of the cono- 
ventricular septum, or both. All three . 
curred together in 20 percent of the dogs with grade 1 
defects. — Pr 225 
- Observations on the nature of the pulmonic valve 
deformities in dogs with grade 2 and 3 defects further 
support the concept that the conotruncal septum is 
primarily involved. Fusion or hypoplasia of cusps al- 
ways involved the right and left cusps, which are de- 








lar outflow anomaly suggests that they are due to the 


the outflow tract malformations. The aortic arch 
malformations, in particular, could represent the 
downstream effects of abnormal blood flow patterns 
engendered in the malforming conotruncal region. 
However, the occasional occurrence of aortic arch de- 


Uu. suggests that this may not be the correct or only in- 
—— terpretation. The tricuspid valve and aortic arch sys- 


gives rise to the right and left cusps of the pulmonic - 
nd aortic valves, and the. corresponding ‘sinuses of . 


oth. All three lesions oc- 


creasing frequency with the severity of the ventricu- | ۱ 
ود وت لت و‎ BOs MAAS tance. . 
same developmental disturbance or are secondary to > 


fects in dogs with no obvious defects of the heart | 





tem develop from areas of the embryonic heart that , 
are contiguous with the conotruncal region. Involve- - 
ment of these structures in the developmental abnor- 
mality could indicate that the embryonic “field” af- 
fected is usually centered in the region of the cono- 
truncal septum but may overlap with adjacent areas. 


` Genetic Studies 


` For purposes of analysis, the ventricülar outflow 


. tract anomalies described will be considered as the 
primary phenotypic effect of the underlying genetic 


abnormality. These lesions will be termed collective- 


. ly, conotruncal septal defects, denoting the nature of 
| the presumed developmental disturbance. 


Tests of Single Gene Inheritance 

Breeding experiments were initially planned and 
analyzed in a manner that would determfhe whether 
maldevelopment of the conotruncal septum in the 
Keeshond dog is inherited as a monogenic trait. For 


` this analysis it was assumed that all grades of cono- 


truncal septal defects were equivalent. The results of - 
matings of normal dogs and dogs with conotruncal . 
septal defects within the Keeshond family and the - 
Fl, F2 and backcross generations from matings of . 
Keeshond dogs with conotruncal septal defects to un- 
related normal mongrels are given in Table II. Recip- - 


` rocal cross and sex differences in the incidence of de- 


fects were not significant and the data are pooled. 
The conclusions that can be drawn from the results 
in Table II may be summarized as follows: | 

1. Matings of two Keeshond dogs with conotruncal 
septal defects yielded a high proportion of offspring 
with conotruncal septal defects (80.26 percent), but 
some had no cardiovascular malformations, ruling 
out fully penetrant autosomal recessive or x-linked 


` recessive inheritance. — 


9, In matings between Keeshond dogs with cono- 
truncal septal defects and normal Keeshond dogs 


that were first degree relatives of dogs with conotrun- 


cal septal defects, the proportion of offspring with co- 
notruncal septal defects was 63.94 percent. This is 
greater than expected under simple dominant inheri- 
tance assuming affected dogs were heterozygous (x* 
= 4.74, df = 1, P « 0.05) but could be explained if a 
small proportion of the affected dogs were homozy- 
gous. = " f - 
3. In two matings in which both Keeshond parents | 
were normal but were first degree relatives of dogs 
with conotruncal septal defects, one third of the off- 


spring had conotruncal septal defects, thus casting 


doubt on the hypothesis of simple dominant inheri- 

4. Outcrosses of affected Keeshond dogs to normal _ 
unrelated mongrels with no family history of cardio- 
vascular defects produced 46 offspring, 14 with cono- 
truncal septal defects (30.43 percent). This percent- 
age is significantly less than that expected under sim- 
ple dominant inheritance (x? = 7.04, df = 1, P < 0.01 
assuming all affected parents were heterozygous). 

5. Matings of affected F1 hybrids to normal F1 hy- 
brids produced an F2 generation of 21 pups, of which 
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۱ ` any Y singls nmarized i 


lar to those previously reported for isolated heredi- UA 


tary patent ductus arteriosus in the dog. 1142 Tn both 








to unrelated normal dogs with no family history of 


T cod without ا‎ the: it | ۱ son 
cape clause of incomplete penetrance. They are simi- s 


cases, matings between affected dogs or matings of 
affected dogs to the normal first. degree. relatives of 
dogs with the same defect gave results that superfi- 
cially resembled those expected i in autosomal domi- _ 
nant inheritance. In both cases, however, outcrosses 
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'ariable such as the rate of growth of 
onic structure, or the concentration | of 
ie substance that, if it could be measured, would. 

be found to vary. on a continuous scale. In theory, 










PE discontinuities i in the phenotype occur when the vari- 
able exceeds (or falls below) some critical “threshold” 
` value. Beginning with Wright's analysis of polydacty-. 
ly in guinea pigs,!? the threshold concept has been. 


used by a number of investigators 15 to explain de- : 
velopmental variations in experimental animals. : 
Gruneberg!* has used the term “quasicontinuous” to 
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. with a mid-parent grade of less than 2. In this case, 


. we can utilize data from all matings in Table III, - 
since we are interested not in the incidence of. deféc- "E 

dive offspring, but the distribution of severe (grades 2 
and 3) versus mild (grade 1) forms within those af- 


fected. Matings — with. a mid-parent. grade of 2 or 


© greater resulted in 52 offspring with. grade 2 or 3de- _ 
` fects among 74 affected (70.27 percent). This is sig- 
nificantly greater than the 45 of 91 cg 45 percent), ; 
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. defects in the various phenotypic aoe This i isac- — 
& » : ` complished by transforming incidences of the defect 
| to values on a scale of standard deviation units.!72021 | groups. 29 
>. The threshold is considered to be a point of trunca- ot 
. . tion, whose distance from the population mean in 
standard deviation units cat be found. from the pro- | 
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© standard deviations in Table V, the threshold be- 
` tween normal and grade 1 conotruncal septal defect 
© is the point of origin and the reciprocal of the dis- 
` . tance between the first and second thresholds (1/ 
_. threshold interval 1) is defined as the standard devia- 
- tion. In this way, threshold interval 1 becomes the 
— unit of measurement and different groups can be 
compared on a common scale of “threshold standard 
deviation units” (last column in Table V). 
-. - By using the calculations in Table V, the distribu- 
... tion of liability to defective development of the cono- 
.  truncal septum in the offspring of various mating 
` types can be depicted as a series of normal curves 
=. overlapping the three developmental. thresholds (Fig. 
` 14) The mean liability of the offspring of matings be- 
== tween two Keeshond dogs with grade 3 conotruncal 
^. septal defect lies 1.56 threshold standard deviation 
units above the lowest threshold for conotruncal sep- 
`. tal defect, and within the threshold interval for grade 
` 2 defect. Matings of Keeshond dogs with grade 3 de- 
. .. fect to normal unrelated dogs produced an F1 gener- 
- —. ation whose mean liability to conotruncal septal de- 
fect fell 0.70 threshold standard deviation units 
below the lowest threshold. The standard deviation 

















that in the Keeshond strain. The F2 generation had a 
. much larger standard deviation than F1, and the 
— mean lies far below the lowest threshold. The pooled 
‘F1 backcross matings produced offspring with a 
mean and standard deviation similar to that in the 
offspring of matings of Keeshond dogs. with grade 3 
. defect to the normal first degree relatives of affected 
^ Keeshond dogs. In both cases, 3/4 of the genome of 
the offspring was derived from Keeshond dogs with 
conotruncal septal defects, and the means lie ap- 
proximately halfway between the means of the F1 
generation and the mean of matings between two 
Keeshonds with grade 3 defects. These findings are 
consistent with the view that defects of the conotrun- 


= ` cal septum are the result of the action of multiple . 


 — genes that act additively, producing a liability to co- 

^' notruncal septal defect that is roughly proportional 
to the “dose” of genes received from affected dogs. In 
the terms of quantitative genetics, maldevelopment 
of the conotruncal T is inherited as a threshold 
trait of high heritability. 


Discussion and Conclusions 


The combined pathologic and genetic studies de- 
scribed in this paper, considered in light of knowl- 
edge of normal cardiac development, provide strong 
‘evidence that a number of cardiac defects ordinarily 
looked upon as discrete entities have a common 


pathogenetic basis. Isolated absence of the papillary — 


— muscle of the conus and end-stage tetralogy of Fallot 
are thus seen to occupy opposite ends of a spectrum 
of anomalies caused by the same defect in develop- 
ment of the conotruncal septum, the anatomic differ- 
ences between hearts being related to the degree of 
maldevelopment (Fig. 13). "The clinical spectrum in- 
cludes isolated ventricular septal defects of various 


of liability to conotruncal septal defect was similar to - 


sizes and isolated valvular pulmonic stenosis. How- 


ever, pathologic studies in our investigation show . 
that these lesions are accompanied by subclinical ab- 


normalities of the crista supraventricularis which tes- 
tify to their common origin from abnormal develop- 
ment of the conotruncal septum. 

Although the exact nature of the alteration in de- 
velopment of the conotruncal septum was not deter- 
mined in our study, the spectrum of malformations 


observed provides some basis for a more detailed. 
pathogenetic hypothesis. As pointed out by de la 


Cruz and da Rocha,?? isolated ventricular septal de- 
fects without aortic overriding, as well as isolated ste- 
nosis of the pulmonic valve, can be explained by ar- 
rest of development or failure of growth involving lo- 
calized segments of the conotruncal septum. They 
noted that tetralogy of Fallot would seem, in addi- 
tion, to involve unequal partitioning of the conus and 
truncus as a result of malpositioning of the conal and 
truncal cushions. From these considerations, it can 
be hypothesized that the defect in cardiac develop- 
ment of the Keeshond dog in its mildest form is pri- 
marily one of hypoplasia of the conal cushions. In its 
severe form it consists of both hypoplasia and dis- 


placement of the conal and truncal cushions, result- 
ing in unequal partitioning of the conus and truncus 


at the expense of the distal right ventricular outflow 
tract and pulmonary artery. 

Inheritance of the embryologic defect cannot be 
explained by any single gene hypothesis, but both its 
presence and its degree of severity are under genetic 
control. This is evident from observations that the 
severity as well as the incidence of defects in the off- 
spring increases with the severity of the parental le- 
sion. These features, and the results of further analy- 
sis using a polygenic model with three thresholds, 
suggest that the basic developmental defect i is due to 


the additive effects of multiple genes that produce a 
` more or less continuous distribution of liability to de- 


fective development. Liability increases with the 
*dose" of genes predisposing to abnormal develop- 
ment. The various lesions comprising the spectrum of 
conotruncal defects occur when certain thresholds on 
the scale of liability are exceeded. i 

Clinical implications: The significance of these 
findings to the understanding of the etiology and 
pathogenesis of congenital heart disease i in man may 
be appreciated from some observations on the occur- 
rence of similar malformations in human families. 


. While epidemiologic and family studies have usually 


not been analyzed with the view that members of the 


spectrum. of conotruncal. anomalies described here — 
` have a common etiologic basis, a number of reports??- 


26 have dealt with the familial occurrence of tetralogy 
of Fallot. In the extensive. pedigree published by 
Pitt,2” congenital heart disease occurred in 11 mem- 
bers of a kindred of 275. Three of the affected indi- 
viduals had tetralogy of Fallot and three were “blue 
babies.” Of the remaining five, two had an isolated 


ventricular septal defect, one had pulmonic stenosis, 


atrial septal defect and patent ductus arteriosus, one 
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fects and associated anomalies in the Keeshond dog. 





conotruncal septal defects may have a hereditary 


basis in man, pedigree patterns have not usually been 

consistent with any hypothesis of fully penetrant sin- |. 
he most useful data _ 
come from studies of the incidence of congenital - ۲ a 
relatives of patients sl 
with tetralogy of Fallot. In Neil’ 8 investigation? of | 
- the offspring of 235 patients with surgically corrected — 
tetralogy of Fallot, 2.6. percent. had. congenital heart . 








gle gene inheritance. Perhaps 


heart disease in the first degre 






uk ` . disease, and 60 percent of this 


. Fallot. Studies of the incidence of congenital heart - 
` disease in the. siblings of patients with tetralogy. of | 
9 to 2.219 percent. The - 
‘similar risk in offspring and siblings of index patients. 
on ive inheritance, | 
~~ and the risk in both. categories of relatives is too low — 
"^ to be compatible. with. inheritance of. a 1 single domi- ^ 






. Fallot have shown a risk of 1. 














is not consistent with simple recessiv 


l nant gene with full penetrance. However, the fin d 
ings are similar to those expected in polygenic inheri 
tance. Edwards® has pointed out that polyge 


, had tricuspid atresia with pulmonic stenosis and ven- 

` tricular septal defect, and one had isolated patent 
` ductus arteriosus. This spectrum is ‘strikingly similar 

to that found in our study of conotruncal septal de- 


Although such familial aggregations suggest that - 


group had tetralogy of . 












FECTS OF CONOTRUNCAL SEPTUM—PATTERSON ET AL; 


traits of high heritability with a population incidenc 


of p should have an incidence in first degree relatives - 
of v/p. As previously noted by Nora!? and e 


this would give an expected incidence of about 2.5 


| 3. 0 percent in the یی بر‎ and siblings of patiente 


| from that observed: 


The evidence e cited, when c ویو‎ with our re- e. 





in g^ Keeshond. dog. "The سس امس‎ o of a E pr 
. dogs with a high incidence of conotruncal anomalies 
` should provide a means for extending the study of 
` this important class of cardiovascular malformations. 
tothe embryologic: level - 1 
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"e SEC‏ ۱ مب مسب 


i a سس‎ heart Ped the: future of the patient i i u 
`. fluenced by closure of the defect. In these patients s 
| Hed to widen the vital | communication by removing 


1 was attempted risuccessiully in one. “The a ‘anatomic and l physiologie 
features and bedside recognition of the problem are described. 


i io in the ی‎ of "bationts wii "iin 1 101 n 
the association of subaortic obstruction from fibrosis oud the bak e 













j double. outlet right ventricle and tricuspid atresia as” We fi as e 2 
forms of common ventricle i in which the aorta arises from. a small TUs پا‎ 


dimentary outlet chamber that communicates. with the larger com- 


"E a mon n ventricle ss the bulboventricular foramen Fig. 1). 









MEE boventricular foramen. adds. difficulties and. requires. accurate. preop- 


3 ` erative anatomic and physiologic diagnosis. This report concerns two = 
. . patients with common ventricle and subaortic obstruction whose con- . 
`` dition was e in life. The Problems of Surgical d correction bae 
و3‎ discussed. "A du ie 


iy ; ۱ Case Reports | ۱ ۱ 
us 1 T. J., born April 18, 1968, had. thiis xus. with: رت‎ ۱ 


5 pheümonia. and: heart failure from age 6 months. At 18 months he was re- - 
_. ferred for heart. failure. Investigation. showed. corrected tranposition. (levo- | 
E loop position of the. great arteries) with a large ventricular $ 
 . common ventricle without left-sided atrioventricular valve regurgitation. 
Pulmonary blood flow was large, and systolic pressures were equal i in the pul- 7 





UR monary artery, right-sided common ventricle and aorta. 


From the. Cardiothoracic institute ‘arid National Ct 
deart Hospital, London, England,* and the De- - 

partment of Pathology, Hospital de Niños, Bue- — . 
nos Aires, "Argentina: 5 Manuscript accepted 


January 9, 1974. - 
2d Address. for. reprints: ` Jane: Somerville, MD, 
Cardiothoracic. institute, 2 Beaumont. St, Lon- 


(e. don, WIN 2DX, England. 


e “of 80 to 82 percent, common vebtficnlar pressure of 120; 
7 multaneous aortic pressure. of 90/45 and subaortic ven res: ی‎ 
0/0 mm Hg. Severe regurgitation from the common. ventricle. to ‘the left > ۱ 
‘atrium was demonstrated. _ oo 
|. At age 5 years the patient was. confined to bed with örthoptea and was k ee 
ferred to the National Heart Hospital for surgical treatment. An intense, long ~ 
systolic murmur was heard all over the. precordium, and the sound of aortic. 


` After pulmonary arterial banding on July 17, 1969, distal in arte- D 
pi tak systolic. pressure was 45 mm Hg and right ventricular and aortic. systolic n m 

2 pressures. were 95 mm. Hg. The patient's. condition improved slowly u 

. . age 3 1/2 years. chest pain on effort. developed. ‘There were sign: 
XP ` sided atrioventricular regurgitation as well as an intense apic 
DIN murmur, left atrial dilatation and increased cardiomegaly. - 


valve closure was soft. The dlectrorirdiogram. (Fig. 2) revealed severe right 
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Y FIGURE 1. Diagram illustrating the type of common ventricle and an- 
atomic. arrangement in: Sog cases. Ave 
| right atrium. 









K from the tracings obtained. during. infancy. Since the pres- 


mm Hg between the common ventricle and. subaortic 


output. 





subaortic chamber, smaller than i in 1971, was shown. (Fig. 


4). The patient died with anuria and persistent acidosis 


after the study. . : 
Postmortem. examination: ONE Badings: con- 


. firmed the large heart, which weighed 220 g when empty; | 


the aorta was anterior and to the left; and a large pulmo- 
nary artery lay to the right and posteriorly: (Fig. 5). The 
right coronary artery coursed over the root of the pulmo- 
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FIGURE 3. Case 1. Conliucus pressuré recorded from the common 
ventricle (C.V.), subaortic chamber (L.V.) and ascending aorta at 
age 5 1/2 years, showing a gradient of 35 mm Hg between the com- 
mon ventricle and subaortic chamber. The. » end-diastolic pressure in 
both chambers is increased. 







atrioventricular; RA z 


` FIGURE 2. Case 1. Electrocardiogr 


۱ dd: left atrial Bocu Bat à was otherwise unchanged 


` ence of a common ventricle was still not certain, cardiac - 
; catherization was again performed, and a gradient of 35 


chamber (Fig. 3) was found; ‘end-diastolic. pressure. in the 3 - showed the division between the rudimentary chamber and Ü 


common ventricle. was 22 mm Hg, and. Systemic venous 


oxygen saturation of 34 percent. reflected. the poor cardiac | rately and ran posteriorly. 


A narrow opening. a dex common ventricle. ine | 


gross regurgitation. The large dilated common ventricle re- 


"left" ventricle, with heavy trabeculation near the apex 


| ty with both atrioventricular valves. A slit-like communica: 
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. COMMON VENTRICLE WITH ACQUIRED SUBAORTIC OBSTRUCTION-—SOMERVILLE ET AL. 








rams at ages 4. months: (top) and 


5 4/2 years (bottom), uidi: development of severe right and left 
atrial al hypertrophy. : 


nary artery to apply. the. front of the common ین‎ Ss 
and gave off the. anterior descending artery, whose courae 





the common ventricle. The left } coronary artery arose sepa- 


Systemic and pulmonary. venous drainage was riormal. | 
"The right atrioventricular valve had a mitral configuratio p 
and the huge thin-walled left atrium opened into the com 
mon ventricle through a tricuspid valve with thick rolled. 
cusps and a dilated annulus that was clearly the site of 










ceiving blood from both atria had a smooth wall like a. 





suggesting possible origin of this part from the sinus of the 
right ventricle. Egress from this common ventricle was ini 
the pulmonary trunk, whose annulus had fibrous continui. 


tion, the bulboventricular foramen, led into the rudimenta- E 








FIGURE 4. Case 1. Angiocardiogram with injection into the rudimen- - 
tary subaortic chamber showing opacification of the bulboventricular - 
foramen. Arrow points to probable subaortic cristal muscle above it. 
























^ COMMON VENTRICLE WITH ACQUIRED 
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FIGURE 5. Case 1. Heart at autopsy. 

a, part of the external surface of the heart. A section perpendicular 
to the right atrioventricular groove extends from the right atrium (RA) 
into the main chamber of the common ventricle (CV). The aorta (A) 
arises in front and to the left of large coronary arteries (arrows) tra- 
versing the anterior aspect of the common ventricle. The section 
into the subaortic ventricle extends to almost the whole depth of this 
chamber. A forceps (top) indicates the posterior and right position 
of the pulmonary trunk. 


b, the opened common ventricle. The right atrium drains into the 
cavity through the mitral valve (M) with two distinct papillary mus- 
cles. Separate from it is a tricuspid-like valve (T) through which the 
left atrium also drains only into the common ventricle. The arrow on 
the anterior tricuspid leaflet indicates one of several tendinous inser- 
tions that are homologous to the usually single normal papillary mus- 
cle of the conus. The large white arrow (VSD) points to a ventricular 
septal defect (bulboventricular foramen) which was the only commu- 
nication between the main subpulmonary ventricular chamber, and 
the smaller subaortic outflow ventricle. 


c, inferosuperior view of the opened common ventricle. Wedged be- 








SUBAORTIC OBSTRUCTION—SOMERVILLE ET AL. 





tween the contiguous mitral and tricuspid valves (T) is a large pulmo- 
nary valve (P. Valve). A muscular ridge lies between the pulmonary 
annulus posteriorly and the bulboventricular foramen anteriorly, and 
no fibrous tissue has accrued upon this aspect of the muscular bor- 


ders. 


d, superoinferior view of the opened aorta and the subaortic ventri- 
cle. Right (R), posterior (P) and left (L) aortic cusps are recognizable. 
The arrow points to the superior aspect of the bulboventricular fora- 
men, the muscular borders of which are covered with dense white 
postnatally accumulated fibrous tissue. 


e, schematic representation of the anatomic features. The plane of 
the intact septum (dashed line) does not coincide with the plane of 
the ventricular septum, which is rotated and displaced to the left of 
the ventricular mass. Both the mitral and tricuspid valves drain sepa- 
rately into the common ventricular chamber, which empties readily 
and unobstructed into the posterior pulmonary artery (PA). The left 
anterosuperior subaortic ventricle receives all its blood flow through 
a bulboventricular foramen (VSD), on the distal aspect of which fi- 
brous tissue has accumulated (stippled areas, arrows). 
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FIGURE 6. Case 2. Angiocardiogram (anteroposterior view) at age 


20 months. Contrast medium injected into the subaortic chamber 
(LV) fills the pulmonary artery (PA) medially and the ascending aorta 
(A) and large common ventricular chamber (CV). The bulboventricu- 
lar foramen appears to be large and is not clearly outlined. 


ry chamber, which was separated from the pulmonary arte- 
rial annulus by a muscular ridge. This foramen or “ventric- 
ular septal defect” was the only pathway leading from the 
common ventricle into the small subaortic chamber. The 
upper convex border of the defect was muscular and arched 
obliquely over the lower concave edge. When viewed from 
the common ventricle, these borders manifested no fibrous 
tissue. When looked at from the small sübaortic chamber, 
the edges of the hole were bordered by a thick layer of 
white, shiny fibrous tissue, producing a continuous ovoid 
ring and reducing the holeto6 by 4mm. . 

The duct was closed. Opening. of the ascending aorta 
showed three normal cusps and two separate coronary 
| ‘as small and its walls were 
© .trabeculated, except for an area beneath the aortic valve. 

The pulmonary trunk had been banded 1 cm above the 








three-cusped pulmonary valve; distal pulmonary arteries 


were large. Running above the foramen on the common 
ventricular side and arching down to divide in the roof of 
the hole, the conducting tissue appeared as a whitish 


streak, shown to us by Dr. R. Anderson. ‘This site corre- 


sponded to the area where the His bundle electrode detect- 
ed the conducting tissue at operation i in Case 2. 


Case 2: A.D., a girl born in 1967, was noted to have rapid 
respiration, vomiting and a heart murmur at 3 weeks. 
Thriving problems with heart failure persisted until at age 
20 months she was referred for treatment. 

Investigation confirmed “corrected transposition" with a 
common ventricle or large ventricular septal defect and 
large pulmonary blood flow and no atrioventricular valve 
regurgitation (Fig. 6). No gradient was recorded between 
the common ventricle and aorta at this time. Emergency 
banding of the pulmonary artery until the distal pulmonary 
arterial pressure was reduced to 18 mm Hg improved her 
condition, and 6 months later she needed no medication. 








FIGURE 7. Case 2. Pressure withdrawal at age 20 months from the 
aorta, subaortic ventricle (LV) and common ventricle (Vv) showit g. 
no difference in systolic pressure at three sites. 








a Canes and d clubbing جر ی‎ but she e lived a i 


E SiH eê al the band Na 
placed. Distal pulmonary arterial pressure was 12.1% : 
systemic arterial saturation was 82 percent, and there was. 
no atrioventricular. valve regurgitation. Pressures on with- 
drawal from the aorta to the common ventricle were 60/40 
mm Hg in the aorta, 60/5 mm Hg in the rudimentary 
subaortic ventricle and 91/5 mm Hg in the common ventri- 


_ cle (Fig. 7). The significance of the gradient was not appre- - 


ciated at this time, and the finding was attributed to the- 
presence of subaortic conal tissue. A month later clinical - 
reevaluation revealed a parasternal murmur associated 
with a carotid impulse and a diminished aortic valve clos- - 
ing sound that had previously been loud after banding (Fig. 
8); the carotid pulse was small. Because the autopsy find- 
ings in Case 1 had been seen, acquired subaortic stenosis 
was diagnosed. although the electrocardiogram did not- 
show increased left ventricular hypertrophy (Fig. 9). 

Five months. later (at age 6 years), the patient had in- 
creasing symptoms and recatheterization revealed a gradi- 
ent of 90 to 100 mm Hg between the functional common 
ventricle and the left rudimentary subaortic ventricle 
which decreased to 80 mm Hg after intravenous adminis- 
tration of propranolol, 3 mg (Fig. 10). The resting right 
ventricular pressure was 160 mm Hg, and a narrow commu- 
nication between the rudimentary subaortic ventricle and 
the common ventricle was demonstrated (Fig. 11), and its 
size was unchanged after administration of propranolol, 4... 
mg. Propranolol was then given orally, 20 mg three times © 
daily, but there was no therapeutic benefit in spite c 
percent reduction in heart size. Surgical relief of the ob 
struction was advised; the decision about partitioning ih 
ventricle was to be made at the time of cardiotomy. - 
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` FIGURE 8. Case. 2. Phono | 
age 2 va ears. irit a vede clear aortic 
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, 5 years later, after banding, the 





FIGURE 10. Case 2. Pressure tracings at age 6 
years, showing - a gradient of 90 mm Hg be- 
tween the common ventricle (CV) and subaortic 
chamber (LV). Propranolol (3 mg intravenously) 
reduced the gradient to 80 mm Hg with slowing 
of the heart rate. 
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Surgical procedure and results: On August 29, 1973, 
the heart was explored with use of cardiopulmonary bypass 
and cooling to 29°C, The anatomic features were exactly as 
predicted. A finger in the right atrium confirmed the nor- 
mal atrial septum, and the common ventricle felt muscle- 
bound. An oblique incision was made between the two cor- 
onary arteries into the anterior wall of the common ventri- 
cle in the region where the incision was made at autopsy in 
Case 1. With ischemic arrest, it was possible to see inside 
the small cavity of the common ventricle with its unexpect- 
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edly thick free wall. Separate left and right atrioventricular’ 
valves were present as in Case 1 and had the same anatom- 
ic features. The bulboventricular foramen was small and 
looked like a ventricular septal defect. With a His bundle 
electrode, the bundle potentials were located above the de- 
fect in a similar position to that of the white streak evident. 
in Case 1. ۱ 

A 2 mm thick Dacron® patch was fixed between the mi- 
tral and tricuspid valves and carried forward around the. 
pulmonary valve ring keeping close to the ring and swing- 






















FIGURE 11. Case 2. Angiocardiograms. A, anteroposterior view with - 
injection into the subaortic chamber showing a narrow bulboven- 
tricular foramen (arrow) and banded pulmonary artery (B) in a study 
performed in January 1973 when the measured gradient at rest was 
30 mm Hg. B, same injection, lateral view. C, anteroposterior view 6 
months later when the gradient across the bulboventricular foramen 
was 90 to 100 mm Hg. The arrow indicates the foramen; below it 
appears indentation from the fibrous flap, which is contributing to the 
obstruction. 























ing beneath the posteroinferior margin of the defect to 
< avoid the arching conducting tissue presumed to pass over 
` the superior margin of the bulboventricular foramen. A 
"bougie passed easily into the pulmonary artery. The Da- 
- cron septum was fixed to the anterior and posterior walls of 
` the ventricle and brought up to be incorporated into the 
. ventriculotomy. The band on the pulmonary artery was re- 
moved completely and. the deficient pulmonary artery 
` patched with an elliptical piece of pericardium. The bulbo- 
entricular foramen was enlarged by cutting into anterior 
. muscle, to avoid the conducting tissue. After this, a finger 
` could pass freely through the hole into the aorta. — 

` ` The heart came off bypass with a low systemic pressure, 
"high right atrial pressure and a gradient of 30 mm Hg be- 
` tween the new functional "left ventricle" and subaortic 
`“ chamber. Various gradients were recorded between the 
` body of the common ventricle and the main pulmonary ar- 
-tery and on occasions this gradient was 100 mm Hg. The 
` heart remained in sinus rhythm. After several hours of low 
cardiac output and right atrial hypertension, bypass was 
restarted since the patch was thought to be obstructing the 
- right ventricular outflow tract. A finger could not be passed 
<- through the right ventricular outflow-into the pulmonary 
` artery from above or below and appeared to encounter an 
ill defined obstruction below the valve ring. The cause 
“could not be seen because of the inaccessibility of this area 
and the position of the right coronary artery across the 
` base of the pulmonary artery. | 

(J.A 19 cm conduit homograft was fixed in place between 
- the site of main pulmonary artery bifurcation and a ven- 
_-triculotomy in the outflow tract of the common ventricle. 
-. The heart came off bypass still with increased right atrial 
- pressure but with lower common ventricular pressure. In- 
-.ereasing metabolic acidosis with low cardiac output oc- 
curred and the pupils became fixed and widely dilated. 
«Death occurred 4 hours later. — 




















.. Postmortem examination: Necropsy by Dr. E. Olsen on 
^ the following day confirmed the operative findings. The 
- cavity of the common ventricle was slit-like, and it was dif- 


a ficult to find the way to the pulmonary artery on the right 





-of the patch although there was no localized obstruction. 
The fibrous ring around the bulboventricular foramen 
ould be seen from the subaortic chamber, and this defect 
was now 1 to 1.4 cm. The thickness of the common ventri- 
le was 16 to 18 mm and across the apex was 22 mm; the 
‘hamber looked like the cut ventricle of a patient with se- 
vere untreated subaortic stenosis. _ 
Discussion — 

^. The nomenclature in these complex forms of con- 
genital heart disease has been the subject of various 
and sometimes conflicting views. It is not our pur- 
pose to discuss the embryologic pathogenesis or to 
add new problems to the terminology, but to draw at- 
tention in simple terms to unexpected physiologic 
changes and their surgical relevance. s 



















Anatomicophysiologic Considerations in Surgical 

. Treatment AT . 

< The term “common ventricle” is used here to de- 

` Scribe the condition in which two separate atrioven- 

— tricular valve rings open into one ventricle that ejects 
into the aorta and pulmonary artery through sepa- 
rate routes. This is in contrast to "single ventricle," a 
term we confine to the anatomic problem of one ven- 
tricle with a single atrioventricular valve ring and an 


atrioventricular defect. The anatomic features of 
common ventricle vary, and the chamber may be 
amenable to successful partitioning."? As with other 
large septal defects, serious pulmonary vascular dis- 
ease may prevent successful surgical treatment. 
Thus, from this point of view, the ideal surgical pa- 
tient with common ventricle has moderate pulmo- 
nary stenosis or has had early successful banding of 
the pulmonary artery which may prevent «the devel- 
opment of irreversible pulmonary arteriolar changes 


` as it did in both of our patients. When important pul- 


monary stenosis coexists, in addition to septation, a - 
bridging conduit, of the type used successfully in pul- 
monary atresia! and other forms of transposition," - 
may be needed to relieve the obstruction which isin- 
accessible for direct operative treatment. An alterna- —. 
tive procedure in common ventricle if the pulmonary _ 


vascular resistance is low is to use a modification of — . 
Fontan's operation for tricuspid atresial?-4 by sew- 


ing up the right-sided atrioventricular valve and join- _ 
ing the right atrium to the pulmonary artery.. ^. 

Besides pulmonary obstruction there. a 
anatomicophysiologic considerations in: 
ment of common ventricle such as the anator 
coronary arteries, whose course ust be carefully de- 
fined by aortography before operation in order to- 
guide the site of ventriculotomy, and left atrioven- 
tricular valve regurgitation, which may require valve | 
replacement, as in Case 1, to ensure a good result. 
There is also the possibility ofa supravalve mem- 
brane on the left causing increased left atrial pres- 
sure; a rudimentary one was found at necropsy in 
Case 2 and caused serious obstruction in a third pa- 
tient with the same anatomic features who is not in- 
cluded in this report. | PALM M | 

Acquired subaortic obstruction, found in these pa- 
tients, is also a serious complication. The recognition 
of obstruction at the bulboventricular foramen is 
vital and the possibility should be considered in pa- 
tients with this anatomic form of common ventricle 
(Fig. 1) if anginal pain appears with loss of clear aor- 
tic valve closure as occurred in both cases. The carot- 
id pulse was small in Case 1, but the patient's severe 
heart failure was assumed to be the cause. In Case 2, 
there was a carotid impulse and a slow rising small 
pulse that suggested fixed obstruction to aortic out- 
flow. | : 


.are other 


e manage- 
























Clinical Evaluation of Problems in Surgical Correction 






for the gradients between the commo 
mentary ventricle at the site of the bull 
foramen. The complication was ob ic : 
both patients since neither had a gradient at cardiac 
catheterization before or early after banding in the — 
first 2 years of life and the foramen appeared to be- 
large on the first angiocardiograms. The increasing - 
gradients in Case 2 suggested that the actual obstruc- 
tion increased rapidly, presumably as a result of pro- 
gressive fibrosis, thus increasing the systolic work of 
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, the common ventricle and stimulating the develop- 
° ment of severe hypertrophy. The significance of a 

small gradient across the bulboventricular foramen 
therefore must not be ignored, particularly if the 
child has heart failure as in Case 1, for it may repre- 
sent a severe obstruction. Even when the patient 
does not have failure, careful observation with serial 
measurements is needed since the obstruction will 
progress. Uncorrected subaortic obstruction with 
common ventricle has another danger in that it will 
not only stimulate the development of severe hyper- 
trophy but also encourage regurgitation through the 
left-sided tricuspid valve, which was not designed to 
withstand systemic pressures and will be more em- 
barrassed by the increasing pressure. The addition of 
left atrial hypertension from “mitral” regurgitation 
will make the failure irreversible as in Case 2. The 
presence of a gradient is now regarded as an indica- 
tion for surgical treatment. 

In retrospect, the large cavity in Case 1 would have 
made partitioning of the common ventricle easier and 
left a larger functional ventricular cavity on either 
side. It is difficult to know whether the left atrioven- 
tricular valve would have required replacement once 
the obstruction was removed, but the degree of regur- 
gitation suggested that this additional procedure 
might have been needed. In contrast, Case 2 had a 
slit-like cavity and the classic ““muscle-bound” char- 
acteristic of organic subaortic obstruction. There was 
not enough room for partitioning to leave two ade- 
quate ventricular cavities, and the chamber was un- 
suitable for septation, which caused a sort of Bern- 
heim phenomenon embarrassing filling and obstruct- 
ing outflow into the pulmonary artery. Only relief of 
the subaortic obstruction should have been under- 
taken since the prognosis of common ventricle with 
moderate pulmonary stenosis is fair and later parti- 
tioning after regression of the hypertrophy might 
have been possible. It is of interest that the electro- 
cardiogram changed little over the years and did not 
suggest the severity of the actual hypertrophy when 
judged by the usual criterion of increasing voltage 
with ST-T changes characteristic of severe stenotic 
lesions. 

A further problem, particularly when resecting 
muscle around the bulboventricular foramen, is to 
avoid the conducting tissue. For this reason, a His 
bundle electrode should be used since the position of 
the conducting tissue may not be constant where An- 
derson et al.1516 demonstrated it in other similar an- 
atomic specimens and where His spikes were record- 
ed at operation in Case 2. Because the roof of the 
foramen was avoided, the patient continued to have 
sinus rhythm, but the obstruction was probably inad- 
equately relieved. We believe that it would have been 


more effectively removed from the left side through 
the rudimentary chamber and incising through to the 
posterior wall of the heart. After septation, access to 
this from the common ventricle was bad and, in the 
future, enlargement of the foramen will be performed 
first, if required. 

The mechanism of reduction of the bulboventricu- 
lar foramen is presumably the same as in simple ven- 
tricular septal defect in which fibrosis occurs as the 
result of turbulence and possible encouragement by 
contraction of the surrounding muscle bands in sys- 
tole. Once the process starts, it progresses. The con- 
dition is clearly acquired. Whether this particular an- 
atomic form of common ventricle predisposed to the 
problem or whether it was encouraged by banding, 
which increases right ventricular hypertrophy, will 
not be known until more examples are described. 
Whatever the pathogenesis, it is a serious complica- 
tion of common ventricle and must not be allowed to 
progress. The anatomic features of the bulboven- 
tricular foramen can be observed by injection of con- 
trast medium into the subaortic chamber, and the 
fixed nature of the obstruction with the actual irregu- 
lar flaps of tissue can be seen best in the anteroposte- 
rior view. Experience in these patients has shown 
that the best angiocardiographic results are obtained 
after a low pressure, low volume injection of opaque 
medium into the rudimentary chamber. With greater 
pressures and volumes an intramyocardial injection 
results and the anatomic features may be obscured. 

Propranolol may relieve angina at first when the 
obstruction is not fixed, and an acute trial should be 
made at the time of cardiac catheterization. The drug 
is unlikely to be of help when the subaortic obstruc- 
tion is fixed and important. If the patient is taking 
beta adrenergic blocking agents, they should be dis- 
continued for 2 to 3 days before operation or prob- 
lems may occur in weaning the patient from bypass. 

Although this attempt at complete surgical correc- 
tion for common ventricle was unsuccessful, unusual 
problems were encountered. In the future, when 
there is extreme hypertrophy, only the stenosing bul- 
boventricular foramen will be opened and, when the 
cavity is large, partitioning will be performed after 
the obstruction is removed from the foramen. 
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TABLE Il 


X: Results of Previous Drug Treatment 
HIS RE نید کف‎ b aM Ee RAE USA Toe a UNIT GEE: کی‎ UP EA CO loce B CELL Se) RE LE ATHE AMNES جر‎ Le DES ار‎ Ro DT. 
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Case no. Drug Daily Dose Duration Results Side Effects 

1 Quinidine 0.60 g 7 days Ineffective Cinchonism, VPCs 
Digoxin 0.25 mg 15 days Ineffective None 
Procainamide 0.75 g 15 days Ineffective None 
Alprenolol 0.20g 2 mo Average None 

2 Quinidine 0.80 g 12 mo Average Cinchonism 
Ajmaline 0.30 g 1 mo Ineffective None 

3 Quinidine 0.80 g 6 mo Average None 
Alprenolol 0.15 g 3 mo Good None 

4 Quinidine 0.80 g 1 mo Average Cinchonism 
Digoxin 0.25 mg 12 mo Good None 

5 Quinidine 0.80 g 6 mo Average None 
Procainamide lg 3 mo Ineffective None 
Digoxin 0.25 mg 3 mo Ineffective None 

6 Quinidine 0.80 g 3 mo Ineffective None 
Alprenolol 0.15¢ 3 mo Ineffective None 

7 Lanatoside C ۴ Ineffective None 
Propranolol t ۳ Ineffective None 
Lidocaine ۲ + Ineffective None 
Quinidine " z Ineffective None 
Diphenylhydantoin ۳ * Ineffective None 

8 Quinidine 0.80 g 2 mo Average None 
Propranolol 0.08 g 2 mo Ineffective None 

9 Digoxin 0.25 mg 1 mo Ineffective None 
Alprenolol 0.15 g 1 mo Ineffective None 
Quinidine 0.80 g 3 mo Average Cinchonism 

10 Quinidine 0.60 g 1 mo Good Cinchonism 
Procainamide lg 2mo Average Epigastric discomfort 
Chlordiazepoxide 0.03g 2 mo Ineffective None 
11 Quinidine 0.80 g 6 mo Good None 





* Drugs given in various doses and combinations for a total of 5 days. 


VPCs = ventricular premature contractions. 


tential duration in atrial and ventricular muscle, without 
changes in the resting membrane potential, and with a 
slight depressing effect upon the maximal rate of depolar- 
ization. Charlier et al.?! utilized amiodarone to prevent and 
treat arrhythmias provoked experimentally in the dog, and 
several investigators??-*° used the drug to control different 
arrhythmias in patients. 

In our study, doses of 300 to 600 mg daily (approximately 
6 to 10 mg/kg) were used. In one patient (Case 7), treat- 
ment was initiated with 800 mg the first day, followed by 
600 mg/day for a week, and 400 mg/day as maintenance. 
Table III shows the doses administered to each of the pa- 
tients. 


Results 


In all patients the arrhythmias were totally con- 
trolled for periods ranging from 2 to 8 months (Table 
III). The preventive effect was apparent after 7 days 
of treatment, although in Case 6 (see later) the ar- 


rhythmia was suppressed after the third day. A de- 
tailed description of the treatment in three patients 
follows. 


Illustrative Cases 


Patient 1: A 42 year old woman with intermittent WPW 
type A was hospitalized several times for both paroxysmal 
atrial flutter and supraventricular tachycardia with a ven- 
tricular rate of approximately 250 beats/min. She first ex- 
perienced the arrhythmia at age 15 years. Initially the epi- 
sodes were isolated and occurred every 2 to 6 months, but 
for the past 5 years she had had an average of one to six ep- 
isodes daily. These episodes lasted from a few minutes to 
several hours, occasionally continuing without interruption 
for 2 to 3 days. The arrhythmia occurred spontaneously or 
was easily evoked by minimal physical effort or emotional 
stress; it was accompanied by distressing palpitation, un- 
easiness, dyspnea, chest pain and severe hypotension. Pre- 
vious treatment with quinidine, procainamide, digitalis and 
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v5 | 
FIGURE 1. Case 1. Recording obtained after an episode of supra- 
ventricular tachycardia showing intermittent WPW (type A). The neg- 
ative T waves were interpreted as posttachycardic changes. 
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FIGURE 2. Case 1. Leads Il and V; showing an episode of paroxys- 
mal supraventricular tachycardia, probably due to reciprocating 
mechanism. 


alprenolol in various doses and combinations failed or was 
minimally effective (Table II). The patient was greatly in- 
capacitated and mentally depressed by a condition that re- 
stricted her almost entirely to bed rest and periodic hospi- 
talization. During sinus rhythm the electrocardiogram re- 
vealed intermittent WPW conduction (Fig. 1) and, during 
the arrhythmia, the QRS complex was always of normal 
configuration (Fig. 2). Ventricular extrasystoles were com- 
mon. 

Treatment with amiodarone, 600 mg daily, was institut- 
ed. The arrhythmia became less frequent after the 3rd day 
and disappeared completely after the 7th day. The sino- 
atrial rate slowed from 80 to 55 beats/min after 13 days, 
ventricular extrasystoles were no longer observed and the T 
waves showed changes attributed to amiodarone (Fig. 


TABLE Ill 


Dose, Duration and Side Eífects of Treatment with 
Amiodarone Hydrochloride 


SSK 


Amiodarone Therapy* 


~~ 





Case Duration 
no. Daily Dose (mo) Side Effects 
Pie a oe ee یی د‎ eee 
1 600 mg, 5 mo; 7 None 
400 mg, 2 mo 
2 600 mg 5 Epigastric 
discomfort 
3 600 mg 4 Transient 
nausea 
4 400 mg 5 None 
5 400 mg 8 None 
6 400 mg 4 None 
7 800 mg initially; 2 None 
then 600 mg 
daily 
8 300 mg 4 None 
9 300 mg 2 None 
10 400 mg 2 None 
11 400 mg 2 None 


eT 


* In all 11 cases, the arrhythmia was completely suppressed 
by treatment with amiodarone. 


3). The WPW configuration disappeared throughout treat- 
ment. After 45 days, the drug was replaced by a placebo; 8 
days later the arrhythmia reappeared and increased in fre- 
quency during the following 15 days. Amiodarone was 
given again in the same dose, and the results were similar 
to those of the first trial. After 5 months the dose was re- 
duced to 400 mg daily, and after 7 months of continuous 
treatment the patient was asymptomatic and had recov- 
ered fully. 


Patient 7: A 53 year old man with WPW type A and no 
other evidence of heart disease or previous arrhythmias 
suddenly had rapid palpitation accompanied by chest pain, 
dyspnea, cold sweat and severe hypotension. The electro- 
cardiogram on admission revealed recurrent episodes of 
atrial tachycardia, flutter and fibrillation with an extreme- 
ly rapid ventricular rate, which sporadically changed to 
sinus rhythm for several beats or seconds (Fig. 4). During 
sinus rhythm atrial extrasystoles were frequent and com- 
monly precipitated the tachyarrhythmia (Fig. 5). In spite of 
administration of digitalis, quinidine, diphenylhydantoin, 
lidocaine and propranolol, all parenterally and in different 
doses and combinations, the arrhythmia persisted with the 
same characteristics. Electrical cardioversion also failed. 
One instance of ventricular fibrillation, visualized on the 
cardioscope but not recorded, was reverted with electrical 
shock. The condition of the patient rapidly deteriorated 
and was considered to be critical 6 days after admission 
and 2 days after the episode of ventricular fibrillation. The 
patient was severely hypotensive, dyspneic, mentally con- 
fused and nearly unresponsive to physical stimuli. At this 
time all other drugs were discontinued and amiodarone was 
given orally in a dose of 800 mg the first day, followed by 
600 mg daily. The arrhythmia disappeared on the third 
day, and the clinical condition of the patient improved con- 
siderably. After 6 days the dose was reduced to 400 mg 
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_ daily, and for the next 2 months the patient was totally 
asymptomatic and without arrhythmia. 





































Patient 11: A 72 year old man was admitted to the coro- 
nary care unit because of repetitive Adams-Stokes attacks. 
The electrocardiogram on admission revealed atrial flutter 
with high grade A-V block and an idioventricular rhythm 
with a rate of approximately 11 beats/min (Fig. 6A); occa- 
sional early atrial captures through an anomalous pathway 
were observed (arrow). The diagnosis of WPW conduction 
was based on the QRS pattern of the capture beats and the 
irregularity of the R-R intervals indicating conduction 
from the atria through an anomalous bundle. Conduction 
through the normal pathways was absent. A demand cardi- 
ac pacemaker was implanted, after which the atrial flutter 
was converted to sinus rhythm by administration of 1 g of 
quinidine sulfate over a period of 6 hours. Competition be- 
tween the pacemaker rhythm and sinus impulses conduct- 
ed through the anomalous bundle was then observed (Fig. 
6B, left). However, when the bradyarrhythmia was under 
control, and despite the prophylactic use of quinidine, fur- 
ther episodes of atrial flutter developed, with 2:1 A-V con- 
duction through the anomalous pathway and a ventricular . 
rate of about 150 beats/min, causing palpitation, hypoten- 
sion and severe discomfort (Fig. 6B, right). Quinidine, in a 
dose of 0.8 g daily, failed to control either the atrial flutter 
or conduction through the anomalous bundle. Figure 6, B 
and C, illustrates this situation, which persisted for several 
months. At this time, amiodarone was given (400 mg daily) 
and, after the 5th day of treatment, conduction through the 
anomalous bundle was totally eliminated and the pacemak- 
er rhythm was no longer disturbed by atrial captures (Fig. 
6D). Discontinuation of the drug, attempted on two occa- 
sions, caused reappearance of the tachyarrhythmia, which 
was again controlled when amiodarone was administered in of ventricular repolarization (prolong 
the same dose. This finding was considered good evidence the T wave and large U waves). 

























FIGURE 4. Case 7. A and B, two epi- 
sodes of atrial fibrillation with a very 
high ventricular rate and WPW pat- 
tern. The arrows indicate two normal- 
ly conducted beats. C, atrial flutter 
with 2:1 A-V conduction in the ab- 
normal pathway. 


FIGURE 5. Case 7. A, repetitive epi- 
sodes of atrial tachycardia, common- 
ly precipitated by atrial extrasystoles, 
indicated by asterisks. B, intraatrial 
electrocardiogram showing the same 
arrhythmia. The asterisks indicate the 
beginning of two bouts of atrial tachy- 
cardia. Toward the end of B, the 
paper speed was changed to 50 
mm/sec (arrow). 
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of the blocking effect of amiodarone on the abnormal path- 
way. 


Undesirable Effects 


Tolerance to the drug was excellent, and no patient 
had symptomatic effects. However, prolonged and 
sustained treatment with amiodarone may cause the 
occurrence of microdeposits of the drug in the corne- 
al tissue,!^?? as confirmed in five of our patients who 
underwent corneal examination with a slit-lamp mi- 
croscope. However, no patient noted subjective ocu- 
lar disturbances, and it has been shown that the mi- 
crodeposits are totally reversible when the drug is 
discontinued, and can be avoided by witholding the 
drug for 1 week every 1 to 2 months.” In our series, 
discontinuation of amiodarone for 7 days did not 
cause recurrence of the arrhythmia, possibly because 
of the cumulative action of the drug. Amiodarone 
may also cause gastrointestinal disturbances, photo- 
dermatosis and insomnia,’ but only uncommonly to 
a degree forcing interruption of treatment. In our pa- 
tients, such disturbances were practically absent 
(Table III). 


Electrocardiographic Effects of Amiodarone 


Heart rate: It has been reported that amiodarone 
causes sinus bradycardia,!?!97625 and this observa- 
tion was confirmed in all 11 of our patients. When 
the dose was 600 mg/day, the cardiac slowing became 
apparent after the 4th or 5th day and reached a max- 
imum after a week; the rate then remained stable for 
the rest of the treatment period. The degree of slow- 
ing varied from case to case, was greater when the 
control rate was higher, and ranged between 12 and 
27 beats/min in 10 of the 11 patients. 

Conventional electrocardiogram: As previously 
reported,?9-?? amiodarone caused prolongation of the 


FIGURE 6. Case 11. Patient with WPW syn- 
drome, high degree A-V block and “implanted 
demand cardiac pacemaker. A, atrial flutter 
with complete block through the normal path- 
way and occasional early atrial captures 
(arrow). E = idioventricular beats. B (left), 
pacemaker rhythm alternating with atrial cap- 
tures showing WPW pattern (beats 2, 4 and 5). 
B (right), atrial flutter with 2:1 conduction 
through the abnormal bundle. C, atrial flutter 
with high degree A-V block. After pacemaker 
beats 1, 2 and 5, early and late captures 
through the abnormal pathway are indicated by 
arrows. D, after 20 days of treatment with ami- 
odarone, the pacemaker rhythm was no longer 
interfered with by supraventricular captures, in- 
dicating the blocking effect upon the abnormal 
pathway. 


Q- T interval, deformation of the T waves, which be- 
came wider and notched or bifid, and the occurrence 
of large U waves (Fig. 3). These changes were docu- 
mented in 8 of the 11 patients, began to appear after 
the 4th day of treatment, reached a maximum in 7 to 
10 days, and persisted for 15 to 21 days after discon- 
tinuation of the drug in 10 normal patients from an- 
other series (not reported). No significant changes 
(except for the WPW configuration) in the QRS or 
P-R interval was observed. | 

WPW pattern: In two patients with an intermit- 
tent WPW pattern, the QRS configuration became 
persistently normal during treatment with amiodar- 
one. In another patient the WPW configuration was 
stable, even after testing with quinidine and pro- 
cainamide, but became intermittent after adminis- 
tration of amiodarone. In the other eight patients the 
WPW pattern was not affected by the drug. 


Discussion 


Our findings suggest that amiodarone may be par- 
ticularly useful for preventing and treating arrhyth- 
mias of the WPW syndrome. Although the electro- 
physiologic properties of the drug have not yet been 
fully studied, several explanations of its actions can 
be considered. 


Mechanisms of Effects of Amiodarone on WPW 
Syndrome 


The tachyarrhythmias of the WPW syndrome are 
related to a reciprocating mechanism involving the 
anomalous bundle and the A-V junction and His- 
Purkinje system.?9?! Accordingly, it is convenient to 
analyze the possible actions of amiodarone at these 
different levels. 

At the level of the anomalous bundle: The 
anomalous bundle is composed of ordinary atrial or 
ventricular muscle, or both.??-?6 Since amiodarone 
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FIGURE 7. Effects of amiodarone on A-V and 
intraventricular conduction in the intact canine 
heart. A, control. Leads |, ill and V, simulta- 
neously recorded with His bundle electrogram 
iH). The A-H and H-V times are indicated in 
msec. After an induced atrial premature beat, 
the A-H and H-V times are prolonged and the 
ventricular complex shows aberrant intraven- 
tricular: conduction with a right bundie branch 
‘block pattern (beat 3). B, after amiodarone, 10 
mg/kg intravenously. The following changes 
occur: (1) widening of the P waves and QRS 
complex in sinus beats 1 and 3; (2) prolongation 
of the A-H and H-V times in the same beats; 
and (3) with the same coupling interval as in A, 
the atrial premature beats (2 and 4) showed a 
remarkable prolongation of the A-H and H-V 
times. Also note the greater widening of the 
QRS complex in the aberrant conducted beats. 
The prolongation of the A-H and H-V times and 
the widening of the QRS complex suggest dete- 
rioration of conduction throughout the A-V node 
and His-Purkinje system. A = atrial electro- 
gram; S = stimulus artifact; V = ventricular 
electrogram. 








significantly prolongs the action potential duration 
and refractoriness of both atrial and ventricular mus- 
cle,2°23 this observation would imply a significant 
prolongation of recovery in the entire anomalous 
bundle. Under such conditions, premature impulses 
would necessarily be blocked or at least slowly con- 
ducted in the anomalous bundle, and any circus 
movement using the aberrant pathway would be pre- 
cluded or become less likely. Indirect evidence that 
amiodarone may prolong refractoriness in the anom- 
alous bundle is provided by the fact that the WPW 
configuration disappeared in the two patients in 
whom it was intermittent, and became intermittent 
in another patient in whom it was persistent before 
treatment. Direct evidence that amiodarone may 
block conduction in the anomalous bundle was pro- 
vided by a patient (Case 11) who had a WPW pattern 
in the presence of permanent block of the normal 
pathways. In this patient the anomalous bundle was 
able to conduct only intermittently, sometimes at ex- 
tremely rapid rates, and at times only sporadically in 
the form of capture beats (Fig. 6). Under such condi- 
tions, and with the control provided by an implanted 
cardiac pacemaker, amiodarone caused total block of 
conduction through the anomalous bundle. 

At the level of the A-V junction and His-Pur- 
kinje system: Unpublished observations from our 
laboratory indicate that amiodarone causes a signifi- 
cant prolongation of refractoriness in the A-V node 
and His-Purkinje system of the intact canine heart. 
Figure 7 illustrates one of these observations. There- 
fore, prolongation of refractoriness in the normal as 
well as in the anomalous pathway creates the most 
favorable conditions for prevention and interruption 
of any reentry mechanism requiring participation of 
both pathways. 

Atrial and ventricular level: The prolongation of 
action potential duration and refractoriness of both 
atrial and ventricular muscle?" may prevent the oc- 
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lar extrasystoles, and 
thus eliminate an important precipitating factor in 
the tachyarrhythmias of the WPW syndrome. This 
suppressive effect of amiodarone on atrial and ven-. 
tricular extrasystoles has been confirmed by others,?!~ 
?5 and indicates that this drug may also be useful i 
controlling other arrhythmias. The atrial level of ac- 
tion of the drug may also be important in preventing 
the paroxysms of atrial fibrillation and, even if atria 
fibrillation is not totally prevented, amiodarone may 
reduce both the extremely rapid ventricular rate and. 
the likelihood of ventricular fibrillation by causing a 
much slower conduction rate through both the nor- 
mal and abnormal pathways.” 
Metabolic effect of amiodarone: It has been sug- 
gested that amiodarone possesses a specific de- 
pressing action on cardiac metabolism and that this 
may be the cause of the prolongation of the action 
potential duration.” It has also been indicated that 
amiodarone may cause a true hypothyroidism after 
several months of treatment.?* Obviously, this latter 
action cannot be related to the drug effects obtained 
after a few days of treatment, or with the rapid ef- 
fects caused by intravenous injection in the dog. 
However, if the cardiospecific action on cardiac me- 
tabolism is confirmed, it may be one of the important 
mechanisms underlying the general antiarrhythmic 
properties of the drug. 














Advantages of Amiodarone 


Although the number of reported observations is 
still relatively small, amiodarone appears to possess 
great advantages over other pharmacologic, electrical 
and surgical interventions for the control of the 
tachyarrhythmias of the WPW syndrome. The effec- 
tiveness of the drug in suppressing and preventing 
the most serious and drug-resistant arrhythmias of 
the WPW syndrome was indeed remarkable and, be- 
cause a fully satisfactory result was obtained in every 
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< case with therapeutic duce of a single drug, the 
< treatment was simple and gratifying for both patient 
-and physician. Perhaps most important, amiodarone 
met the requisites of an excellent antiarrhythmic 
- agent in doses that were well. tolerated for long peri- 
_ods of time. In our patients, doses of 300 to 600 mg 
daily were well tolerated for 2 to 8 months. In one pa- 
tient not included in this study, a dose of 800 mg/day 
for 10 days was also well tolerated, and similar results 
were observed in a series of 20 other patients in 
whom amiodarone was used to study its effects on in- 
: traventricular conduction. Moreover, the most recent 
observations from our laboratory suggest that doses 
of only 100 to 200 mg daily may effecti 
repetitive supraventricular tachycardias. Therefore, 
amiodarone seems to fulfill the conditions required 

























rhythmias in otherwise normal or physically able pa- 
tients, who are restricted mostly or only by the ar- 


parenteral use in man, and at least a few days of 


` effective. This problem may be solved in the future. 


r the control of episodie and recurrent tachyar- 


rhythmia. However, amiodarone is not available for 


-treatment are necessary for the drug to become fully 





At Ei it is possible to obtain a quicker effect by ۰ 


administering larger doses initially, as we have shown 
in Case 7. 


Contraindications 


The most important (۳ TA to the use of 
amiodarone are pronounced sinus bradycardia and 
intraventricular block, although the bradycrotic ef- 
fect may be useful for controlling certain forms of 


sinus tachycardia. In patients with intermittent bun- 


dle branch block, and in the intact canine heart after 
injury to the intraventricular conducting fascicles,?9 
it could be shown in our laboratory that ; miodarone 
may precipitate the occurrence of- complete bundle 
branch block and eventually complete heart block. - 


Accordingly, the drug is contraindicated or should be — 


used with great caution in patients with bundle 
branch block or any form of A-V block. 'The prolon- 
gation of the Q-T interval suggesting a “quinidine- 
like effect" raises the question of drug toxicity. How- 
ever, it was not accompanied by any other manifesta- 
tion in any of the patients of the present and previ-. 
ous studies. 16.17,22-28 
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linical Review - 


x Coxsackie viruses belong to a large group of T called picornavi- 

. ruses. This group ot viruses contains a ribonucleic acid (RNA) core; 
. the nucleocapsid has cubic symmetry; the virion has no envelope; and 
infectivity is resistant to. lipid. solvents. such as. ether and chloroform. 

. Coxsackie viruses are divided into two groups based : on their pathoge- 


nicity i in suckling mice; group A contains 24 types. and group B 6 types. 


Numerous reports of Coxsackie virus B outbreaks involving adults | have - 


established the considerable importance of these viruses as à cause « 
acute pericarditis and myocarditis. The diagnosis is based | on viral iso- 
lation and serologic techniques. Coxsackie virus heart disease usually 
diseases including 
Bornholm disease or cardiorespiratory tract syndromes. The treatment 

of acute e is mainly supportive. s | | 











Since dé first reports of penean in E dê "m Coxsackie vi- 


ruses, 9 years after their discovery by Dalldorf. and Sickles! in 1948 in 


the stools of two paralyzed children in Coxsackie, N. Y., it has be- 
` come evident that these viruses account for much of acute adult. myo- 
‘pericarditis, Acute myopericarditis of viral origin presents problems 
‘in both diagnosis and therapy for the practicing physician. In this re- 


port we review the microbiology of the Coxsackie ` viruses, the clinical 
manifestations of their infection of the heart and the vicissitudes of 
diagnosis and therapy. ۱ SUME 
h Microbiology of Coxsackie Viruses ; 
The Coxsackie viruses belong to a large group of viruses called pi- 


cornaviruses. ‘These viruses share the following properties?: (1) The 


nucleic acid core is ribonucleic acid (RNA); (2) the nucleocapsid has 
cubic symmetry; (3) the virion has no envelope and infectivity i is re- 


_ sistant to lipid solvents such as ether and chloroform; (4) the virion is _ 
` small with a diameter of 15 to 30 nm; and (5) the configuration is ico- _ 
. sahedral. The picornaviruses can be divided into two groups. The > 

- polio, Coxsackie and echoviruses, which are grouped together as en- 

teroviruses, are acid- stable but heat-labile at 50? C; these viruses also 
. Share epidemiologic properties. The other group, ‘con ۱ 

viruses and foot and mouth disease viruses, are. من‎ at pH 5. E 





The rhinoviruses are relatively stable at 50°C. = 
‘Coxsackie A viruses: The Coxsackie viruses are. divided. into two ۱ 
groups based on their pathogenicity in suckling i mice. Group A con- 





tains 24 types and group B 6 types. Newborn mice or hamsters infect- | 
ed with group À Coxsackie virus manifest flaccid paralysis with se- 


vere and extensive degeneration of skeletal muscles (the tongue and 
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sisting of rhino- |... 














heart are usually spared). The liberation of myoglo- 
bin may result in renal lesions similar to those seen in 
the crush syndrome. Newborn mice infected with 
` group B Coxsackie virus manifest tremors, spasticity 
and spastic paralysis. "There are focal degeneration of 
skeletal muscles, necrosis of brown fat pads, ence- 
phalomalacia, myocarditis, hepatitis and a pancreati- 


.. tis limited, to the acinar structures. Endocarditis and 
parotitis also may be seen. Older mice infected with 


Coxsackie virus A9 may show myocarditis. 


Coxsackie B viruses: Unlike most Coxsackie A vi- 


ruses, Coxsackie B viruses grow readily i in tissue cul- 
tures such as monkey kidney cells, human amnion or 
embryo kidney cells and HeLa cells. The viruses 
. cause cytopathic effects in tissue culture including 
© rounding and shrinkage of the affected cells; the af- 
fected cells show nuclear pyknosis, become refractile 
- and eventually detach. Coxsackie viruses can crystal- 


-=o lize and the crystals contain infectivity. 4 Crystalline 
. . arrays of Coxsackie virus have been seen in cells in 
~~. culture with center to center spacings of 18 to 25 nm. 
i _ There i is a difference in the susceptibility of Coxsack- - 

` je A and B viruses to inhibition by the compounds 2- 


a-hydroxybenzimidazole (HBB) and guanidine hy- 


vU A drochloride, drugs that inhibit formation of viral 
^ RNA polymerase. All Coxsackie B viruses and Cox- 
sackie A9 virus are susceptible to both guanidine and - 


HBB; all Coxsackie A viruses except Coxsackie A9 
are susceptible to inhibition by guanidine but are in- 
susceptible to HBB. © 
Type-specific antigens: Coxsackie. viruses B1-5 
and ۸9 have a common group antigen. A type-spe- 
cific antigen is present in the complete virion. This 
antigen can be measured by neutralization, hemag- 
glutination- -inhibition or complement- fixation tech- 
niques. The group antigen can be detected by gel dif- 
fusion. The early neutralizing and hemagglutination- 
inhibiting antibodies are mostly 19S immunoglobu- 
lins; these are replaced in sera by 7S immunoglobu- 
lins during the convalescent phase. Type-specific an- 
tibodies usually appear in the bloodstream within a 
. week after the onset of infection in human. beings, 


and maximal titers are obtained by the third week. 
E Neutralizing. antibody may be present for several 
`“ years or even a lifetime. Complement-fixing anti- 






bodies begin to decrease within 2 to 3 months and 
then diminish rapidly. The group-specific antibody 


of Coxsackie B virus appears earlier, reaches a higher. 


titer, and persists longer than the type-specific anti- 
body. 

Pathogenicity for mice: Several key host factors 
- determine the pathogenicity of Coxsackie viruses for 
mice: age, administration of cortisone, exercise, nu- 
trition and pregnancy. Mice up to 7 days of age are 
susceptible to infection with Coxsackie A viruses. 
Mice are most susceptible to infection with Coxsackie 
B viruses during the first 24 hours of life. 

In 1951 Kilbourne and Horsfall” showed that adult 
mice may be lethally infected with Coxsackie virus if 
such mice are given a single dose of cortisone before 
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virus group B, type 3, in cortisone-treated adult mic 


A9 induces myocardial lesions only in mice more ` 


. cent mice; virus was detected in the brain only ini 1 


' sions and hepatic lesions and by increased mortality 
in the most. severely undernourished animals. The 


lymphoid tissues and marked lymphocytopenia.!? | 


mice to Coxsackie virus infection. Tilles et al.!4 8 
lated a benign cardiotropic strain of Coxsackie. A 


i alor the mice had been exercised by swimming. Gat. 


` Furthermore, almost all the myocardium of the in- < 
fected exercised mice was replaced by necrotic infil 




































the inoculation of virus. They also showed viri: mi 
tiplication in the tissues cf adult mice and serial 
sage and specific neutralization of the virus. Infecti 
of the cortisone-treated adult mice was attended - 
prolonged viremia with the presence of virus in t 
liver, spleen, lung and pancreas. Furthermore, Kil 
bourne et al.? found gross necrotic lesions of the myo- 
cardium in the 11th passage of a strain of Coxsackie 


Lerner et al. ? demonstrated that Coxsackie v 


40 days of age. Comparing 1 year old mice with you 
ger animals, they noted a progressive increase in 
myocardial virus concentre ation with age, and a coi 
cident decrease in skeletal muscle virus. McLaren 
and Sanders! found: greater susceptibility to infec: 
tion with Coxsackie B1 virus and a shorter mean su 
vival time in 20 day old than in 15 day old mi 
Rytel and Kilbourne!) compared the susceptibility: 
adolescent (2 month old) and adult (4 month old) 
mice to intraperitoneal infection by Coxsackie B3 
virus. The virus titers of the heart and liver of adul 
mice were persistently higher than those of adc 











older mice. These authors also showed that the. ad 
lescent mice produced more interferon than 
mice after viral infection.! The role of this ob 
tion in determining the differing susceptibility 
olescent and adult mice to Coxsackie virus infi 
was not clear. 

Woodruff and. Kilbourne!? studied the inf 
quantitated. undernutrition after weaning í 
sackie B3 virus infection of adult mice. Unde: 
resulted in. increased severity of infection 
pressed by the persistence 6 of increased tissue ec 
trations of infective virus in the heart, spleen, pa 
creas and liver, by the occurrence of gross cardiac 












malnourished mice could be protected from seve 
infection by change to a normal diet at the time of in 
fection. The malnourished mice had involution of the 


Exercise seems to increase the susceptibility o 


maitan et al. 15 repea ed these experiments using the : 
much more virulent Nancy strain of Coxsackie B3 





` virus. Although 25 to 50 percent of the hearts of the . 
-unexercised mice were affected, these mice did not - 
appear ill and they survived. However, when the mice : 


were made to swim, beginning on the first day after | 


infection, most of them died with acute congestive . 


heart failure and the hearts were grossly dilated and — 
much larger than the hearts of animals not exercised. E 





trate, and the viral titers were increased 530- fold. 
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Cardiac Manifestations of Human Coxsackie 
Virus Infection 

` Neonatal Myocarditis 
"5 Human infection of the heart with Coxsackie B 
`. virus was first recognized in the neonate.!9 Epidemics 
' neonatal myocarditis of viral origin were reported 
from South Africa, Rhodesia and Amsterdam from 
1955 onward. The disease :n newborn infants may be 
of sudden onset during the first 8 or 9 days of life and 
is sometimes preceded by a few hours or days by an 
- ‘episode of diarrhea and anorexia. Clinical features in- 
-= clude lethargy, grayish pallor and mild icterus. 
< Tachycardia, dyspnea anc cyanosis, if present early 
jn the course, are evidence of cardiopulmonary fail- 
re and a grave prognosis. Cardiomegaly and hepato- 
megaly usually are present and electrocardiograms 
show characteristics of myocarditis. The cerebrospi- 
nal fluid may be xanthochromic with a leukocytic | 
pleocytosis and increased protein concentration. The 
disease is often fatal, and zhe neonates show systemic 
“lesions similar to those found in infected suckling 
` mice such as encephalomvelitis, pancreatitis, nephri- 
` tis and hepatitis. 
` Montgomery et al.!? reported on three infants with | 
myocarditis observed during 1954 in a maternity 
` home in Southern Rhodesia. One infant died and two 
` recovered. Coxsackie B4 virus was recovered from the 
feces of the baby who died and one of the survivors. 
` This virus also was recovered from patients with 
- Bornholm disease and encephalitis, which were prev- 
. alent during the same period. Four fatal cases of 
myocarditis in newborn infants were described dur- 
> ing an epidemic of “summer grippe" among adults in 
- Amsterdam.!®!9 Strains of Coxsackie B4 virus were 
recovered from the heart muscle of each patient and 
in one patient also from the brain. Kibrick and Be- 



















~~ mirschke?? described two cases of Coxsackie myocar- 


© ditis in infants in Boston. Gear and Measroch?® stud- 
< jed an epidemic of neonatal myocarditis in Johannes- 
burg, South Africa. Ten infants were affected, and six 
< died after the development of circulatory collapse. 
Coxsackie B3 virus was recovered from the feces of 
wo surviving neonates. When suspensions of brain 
repared from each of the two neonates who died 
were injected into suck.ing mice, typical lesions of 
‘the Coxsackie B virus were observed. 


-Coxsackie Virus Heart Disease in the Adult 

 'The first case of Coxsackie heart disease in an 
` adult was reported from Northern Ireland in 1957.?! 
^ Since then, numerous reports have established the 
considerable importance of the Coxsackie viruses as a 
`. cause of acute “benign” pericarditis and myocarditis.22- 
24 Helin and colleagues* from Finland reported on 
= 18 patients who manifested heart disease during an 
` epidemic of Coxsackie B5 virus. The patients with 
.. myocardial or pericardial disease, or both, were most- - 
.. ly adults with a mean age of 28 years; men were twice 
` as commonly affected as women. The patients be- 
~ came ill about 10 days before being admitted to the 


hospital. with fever and precordial pain that was ag- 
gravated by movement or respirations. Cardiac en- 


` largement, reflecting either cardiac dilatation or peri- 


cardial effusion, was a characteristic finding; two pa- 
tients had pleural effusions. Seven patients had leu- 
kocytosis with a peak white blood cell count of 
18,000/mm?3. Nine patients had RS-T abnormalities 
on the electrocardiogram, and nine others had only T 
wave changes. Erythrocyte sedimentation rates and 
serum glutamic oxaloacetic transaminase (SGOT) — 
values were variable. Coxsackie B5 virus was isolated 
from the feces, and diagnostic increases in type-spe- 
cific neutralizing antibodies were found in most of 
the patients. All the patients recovered and had nor- 
mal cardiac size on follow-up examination 7 months 
after illness. Only one patient had persistent negative 
T waves in leads II, III, aVF and V3 to Ve. Plager et 
al.26 described 16 cases of Coxsackie B5 virus infec- 
tion in Albany, N. Y. during 1961. Five patients had 
pericarditis; three of these patients were pregnant. In 
a review of the literature published i in 1968 Sainani et 
al.24 listed 45 patients over the age of 12 years with 
Coxsackie virus heart disease and added 22 adult pa- - 
tients of their own. Grist and Bell" studied 17 pa- 

tients with Coxsackie A and 22 with Coxsackie B- 
virus heart disease. TBitis-one of their patients were 

12 years old or more. 

Clinical features: Smith? presented 42 age 
with Coxsackie virus heart disease. Twenty patients 


had clinical pericarditis and 22 had myocarditis with- 


out evidence of pericarditis. There was a predomi- 


nance of male patients. Chest. pain was present in 67 


percent of the patients. The pain was usually pleuro- 
pericardial, radiating to the throat and relieved by 
sitting forward. However, Smith noted that the pain 


could be similar to anginal pain or could be vague. 


Fever was present in 59 percent of the patients; it was 
usually moderate and lasted a few days although 
some patients had a high temperature for 12 to 21 
days. Thirty-six percent of patients had a “flu-like” 


` illness with fever, malaise, generalized aches, sore 


throat and, rarely, cough with sputum. Twenty-three 
percent had troublesome palpitations, and 12 percent 
had shotty lymph nodes, usually in the neck and axil- 
la. Five patients had orchitis (bilateral in one), five 


had pneumonia as revealed by chest roentgenogram 
and five had pleural effusion. Four patients had skin 


rash, three had phlebitis, two encephalomyelitis, two 
hepatitis, two nephritis, two enteritis, and one arthri- 
tis lasting 6 weeks. Fifty-two percent of patients had 
evidence of cardiomegaly (moderate or marked in 26 
percent); 29 percent had pulmonary - congestive 
edema; 38 percent had slight or moderate leukocyto- 


sis, 71 percent had elevated erythrocyte sedimenta- 


tion rates (in four patients greater than 80 mm in 1 
hour) and 14 percent had elevated. SGOT or lactic - 
dehydrogenase (LDH) levels. All the patients had ab- 
normal electrocardiograms. Thirty-one percent of the 
patients had arrhythmia, usually ectopic beats. Two 
patients had temporary complete heart block, and 
three had abnormal Q waves. All patients had high 
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, ‘Coxsackie B virus antibody titers, but only five had a 
diagnostic fourfold change in titer. Thirty-five of the 


` 42 patients (82 percent) recovered completely al. 


` though recovery took 3 months or longer in 12 pa- 
tients. Seventeen percent of the patients had one or 
more recurrences. One patient had four recurrences 
during a 2 year period. Two patients had recurrences 


aes anddied. ۰ 


` Koontz and Ray?? prospéctively studied 63 consec- 
_utive patients with suspected myopericarditis. The 
. diagnosis was made by ST-T or T wave changes, low 
QRS voltage, or atrioventricular and intraventricular 
conduction defects and symptoms of precordial pain, 


- E ^ ` congestive heart failure, cardiomegaly, fever and 
„pericardial friction rub. All the patients had paired 
` gera for viral study. Of the 45 patients who met the 


diagnostic criteria, 37 had mainly pericarditis and 8 


^. had mainly myocarditis. Twenty patients (44 per- 


` cent) had serologic evidence of Coxsackie virus infec- 
.—. tion; these included 16 patients with pericarditis and 


7 a with myocarditis. Five of the remaining 25 patients 
had high Coxsackie B virus antibody titers but did 
~ not have significant change in titer. Only 2 of 18 pa- 


tients later found not to have myopericarditis had ev- 


| .. idence of Coxsackie virus infection Eleven of the 20 
` patients with evidence of Coxsackie virus infection, 


but only 4 of the 25 without such evidence, were older 


dc e than 50 years of age. Eight of 20 patients with Cox- 


sackie infection but only 1 of 25 without Coxsackie 
infection had arthralgia. Two patients (10 percent), 
with Coxsackie infection had a rash during their ill- 
ness. Twelve of the 20 patients. with Coxsackie infec- 
tion but only 5 of the 25 patients Without this infec- 
tion had myalgia. Both groups gave a history of ante- 


.. - eedent upper respiratory infection or viral syndrome. 


`. Three patients with evidence of Coxsackie infection 


2d had increased SGOT values, but. they also had con- 
` ‘gestive heart failure. Ten patients with Coxsackie in- 
-fection were observed for 6 months; three had re- 


| lapses. Two patients treated with corticosteroids had 
. four relapses each during a 1 year period. Of 17 pa- 


2 ۱ tients without evidence of Coxsackie infection fol- 
— lowed up for 6 months or more, 8 had relapses; 4 of 


(these patients were given corticosteroid therapy. 

``. Sun and Burch and their colleagues have presented 
evidence that Coxsackie virus infection of the heart 
can cause endocardial lesions both in mice?? and in 


man.?! There is serologic evidence implicating infec- 


tions with Coxsackie B virus, types 3 or 4, during the 
first trimester of | pregnancy wit congenital cardiac 
anomalies.?? Thus, there is ev 
virus can involve the pericard m, 
endocardium. E 










Epidemiology of Coxsackie Vir S 


Coxsackie viruses have been. found in all pa of 


the world. Viruses have been isolated. from human 
feces, pharyngeal swabbings, sewage and flies.33-35 
Coxsackie infections seem to be most prevalent dur- 
ing the summer and early fall. In epidemiologic sur- 





e that Coxsackie- 
myocardium and | 


veys of Coxsackie infections in a residential commu- | 
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nity near Washington, D. C. during 1949 and 1950]. 


the viruses were isolated during July, August i y : 
September.95?7 Godenne and Curnen?? m baie 
to recover Coxsackie viruses from 860 patients in ` 
New Haven, Conn. who had acute febrile illnesses be- 
tween March 1950 and April 1951; 36 of the 44 . 
strains isolated. were encountered in the period from | 
July to October. In almost every urban area studied _ 
where attempts were made to isolate Coxsackie vi- ` 


ruses from sewage and flies, virus was found in some ` 


of the specimens collected in summer or fall.52-35 The - 





prevalence of Coxsackie infections was. studied in E 
children living in contrasting environments in 
Charleston, W. Va. and Phoenix, Ariz.?? Almost all 
the isolations of virus were made in the summer or -. 
fall except those from the lower socioeconomic dis- - 
trict of Phoenix where viruses were recovered |. 
throughout most of the year. Excretion of virus in the. 
lower socioeconomic district of each city was three to <- 
six times as great as in the middle to upper class dis- = 
tricts with good environmental sanitation. The type | 
of Coxsackie virus prevalent in any locality varies: 
every few years, perhaps as a result of development 8 


of immunity in the population. 


'The mode of spread of human Coxsackie virus in- T 
fection has not yet been defined. Since the viruses are. 





found in the feces, a fecal-oral Toute of. spread i is sug- 
gested. However, since even Coxsacki 
B type can cause respiratory ase. Sit 

by this route may also be possit doe Coxsackie 
virus heart disease is usually found during epidemi 
of multiple disease, including: Bornholm disease, o 
chitis and respiratory tract syndromes. 









Diagnosis | 
Fortunately, most cases of heart disease oa 





but یه‎ since e only six ace of the B group ee 3 se- 














rologic diagnosis is feasible. Routine serologic diagno- p? 
sis for Coxsackie 1 E viruses is s not pos because P 





Hrs pend or bad cm and B or rectal pnm ue 
The swabs can be inoculated into tissue culture tubes . 
` at the bedside or sent to the viral diagnosticlaborato- . 


ulation. Coxsackie viruses are sometimes shed in the 
feces for as long as 3 months after infection. Uncom- 
monly, virus can be isolated from the pericardial 


viruses can be isolated by inoculating the specimen 
onto monkey kidney cells, HeLa cells or human am- 
nion cells. The intracerebral inoculation of suckling 


ry in a viral transport medium for tissue culture inoc- 


effusion drained by pericardiocentesis. Coxsackie B 


mice for the isolation of Coxsackie B viruses has now _ 


been largely supplanted by tissue culture methods. 
Unfortunately, by the time the patient comes to the 


doctor with symptoms of heart disease, virus can no - i 


longer be isolated from the blood or other areas cited. 


Paired sera taken 2 weeks apart should be collected. ۱ 














for serologic diagnosis. Neutralization, complement- | 
fixation and. hemagglutination-inhibition techniques . 


` may be used. Although the presence of infection by a 
Coxsackie virus can be determined by the various 
. "laboratory techniques, diagnosis of actual disease 
-€aused by one of the viruses requires correlation with 
. supporting clinical and epidemiologic evidence. 










. ed criteria to establish the etiologic associations of 
Coxsackie virus infections in patients with acute or 
chronic myocardiopathy. High order associations in- 
- —' cluded isolation of the ; 
و‎ endocardium or pericardial fluid; or the localization 
of type-specific virus in myocardium, endocardium or 
`. pericardium at sites of »athologic change. Moderate 
order associations are present if virus is isolated from 
^... the pharynx or feces, and a fourfold increase in type- 
© .specific neutralizing, hemagglutination-inhibiting or 
-> complement-fixing antibodies is demonstrated. Mod- 
— erate order associations also are present if virus is 

` isolated from the pharynx or feces, with a concomi- 
>o tant serum titer of 1:32 or greater of type- -specific 
` IgM neutralizing or hemagglutination-inhibiting an- 
tibodies. Moderate order associations become high 
order if an epidkieiologic d shows that a signifi- 







as mice. Los order associations are 
present if the vir 

or a fourfold rise in [os -specific neutralizing, hem- 
agglutination-inhibiting or complement-fixing anti- 

= bodies is demonstrated. A single serum sample show- 
` ` ing a titer of 1:32 or greater of type-specific IgM neu- 
S tralizing or hemagglutination-inhibiting antibody 
. . also is considered a low order association. Low order 
associations become moderate order if in an epidem- 
iologic study patients who are not ill do not show 
presence of antibody and do not harbor virus. Al- 


though on the whole these criteria seem to be valid, 


they have limited usefulness for the physician treat- 
ing an individual patient. Thus, in the final analysis, 
the physician must be aware of the types of laborato- 
ry procedures that may be useful in suggesting a di- 
agnosis of Coxsackie virus infection and base the 


final decision of cause of heart disease on the total ; 


clinical findings. 


Clinical Problems in Diagnosis 


As can be appreciated from the previous section, 
proving a diagnosis of viral myopericarditis i is fraught 


a patient with this disease, he must use his clinical 
acumen to come to a t2ntative diagnosis and differen- 





` tiate between the various causes of myopericarditis. 


ıı He must be especially careful to recognize the pres- 
ence of tuberculous pericarditis, a potentially treat- 
able disease. Furthermore, pericarditis due to colla- 

gen diseases such as lupus erythematosus and peri- 


228 


. Diagnostic criteria: Lerner and Wilson?! suggest- 


virus from the myocardium, 


with difficulty. Thus, when the physician encounters 





carditis dus to allergic reactions, sarcoidosis, system- 


ic fungal infections, and neoplasias such as lympho- ۰ 


mas must be differentiated from pericarditis due to 
viral infections. In many areas of the world, pericar- 
ditis due to both protozoa and helminths must be in- 
cluded in the differential diagnosis. In addition to 


Coxsackie viruses of the B group, other viruses such 
as Coxsackie A virus (types 1,4,9,16) and echoviruses 
(types 3,6-9,22) may occasionally cause myopericar- 


ditis.42 Thus, the diagnostic investigation of a patient 


with myopericarditis should include a careful travel 


history to exclude a geographic exposure to such in- 


fections. as histoplasmosis and parasitic infection, a 


careful questioning about previous tuberculous infec- 
tion or recent exposure to tuberculosis, careful in- 
quiry into the use of drugs, and questioning about as- 


` sociated symptoms such as arthritis. On physical ex- 


amination diffuse or localized lymphadenopathy may 
point to another diagnosis such as lymphoma or col- 
lagen disease, whereas an associated unilateral or bi- 
lateral orchitis suggests a diagnosis of infection by 
Coxsackie B virus.?7.4? 

Chronic viral myocarditis: Can Siyocardidd dam- 
age due to viral infection pursue a chronic progres- 
sive course? Wilson et al.44 presented. evidence for- 
the occurrence of such a chronic course in mice. In- 
fection of weanling mice with Coxsackie B3 virus pro- 
duced a diffuse lesion with marked necrosis in one 
half to one third of the myocardium. Despite an in- 
crease in heart size, the animals did not appear ill. 
Coxsackie virus could not be isolated from infected 
hearts after the ninth day of viral inoculation. How- 
ever, marked fibrosis, continued inflammation and 
microscopic cardiac hypertrophy were present for at 
least 6 months, representing a fourth of the average 
life of a laboratory mouse. The mechanism for this 
continued inflammation is unclear but may be immu- 
nologic. Thus, the course in patients who have multi- 
ple exacerbations with fever, erythema and progres- 
sive decompensation may be a result of a late immu- 
nologic phase of the initial Coxsackie virus infection. 


` The offending antigen could be a persisting viral an- 


tigen or a newly formed antigen from necrotic myo- 


` cardium. The hypothesis of chronic viral myocarditis 


has been strengthened by the detection: by means of 


fluorescent antibody techniques of viral antigens in 


the myocardium of some cases of cardiomyopathy.*® 
The finding by Burch and colleagues?!46 of Coxsack- 
je virus antigen in mitral and aortic valves and myo- 
cardium in patients with cardiomyopathy has given 
rise to the speculation that chronic valvular heart 
disease may be a result ofa viral endocarditis. 


‘Therapy of Coxsackie Virus Myopericarditis 


There is as yet no specific. therapy for virus-in- 
duced myopericarditis. The animal studies cited ear- 
lier indicate that exercise may augment viral multi- 
plication of Coxsackie virus in the heart and increase 
the severity of cardiac lesions.!^!^ Therefore, it 
would seem wise to prescribe rest for viral myoperi- 
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| Vital’ myop rk 
interferon synthesis!! and increase viral multiplica- 
tion in experimental Coxsackie virus infections as 
discussed earlier.”.3 Lerner*?47 urged that steroids be 
avoided at least during the first 10 days of acute in- 
fection even when the biphasic or triphasic exacerba- 


tions of fever and toxicity characteristic of Coxsackie | 


infections occur; if active disease continues, steroids 
may be used. Voight^? recommended that patients 
severely ill and unresponsive to the usual supportive 
i therapy should receive steroids. Certainly many clini- 


cians have the i impression that steroid therapy is ef- 


fective in relieving pain and. returning heart size 

toward normal in many patients. Sainani et al.24 used 
steroids in three patients who showed no obvious im- 

-provement after treatment, and one of these patients 
died. 

Some patients may be quite ill and manifest toxici- 


" ۱ i dy during their illness with myopericarditis and oth- 
`. ers may have frequent recurrences. Under these cir- 
. cumstances the physician may naturally feel obliged 


` to “do something" and may empirically treat the pa- 
tient for a “treatable disease" such as tuberculosis. 
Unless such alternate diagnoses can be proved, em- 
pirical therapy has its own dangers, as is evident from 
the following case report. 


lilustrative Cases 
Corticosteroid and Isoniazid Therapy 


Case history: A 28 year old Caucasian man was in good 
health until 4 weeks before admission when he had a sore 
throat, laryngitis, generalized myalgia and malaise. He was 
put to bed and 1 week later noted spiking fevers to 103° F 

accompanied by drenching sweats. He was admitted to an- 
other hospital where results of oral cholecystogram, intra- 
venous pyelogram, barium enema, upper gastrointestinal 
series and. blood cultures were negative. Throat culture 
yielded colonies of Staphylococcus aureus. Chest roentgen- 


pau ogram showed a left pleural effusion and old, inactive gran- 


.-ulomatous disease. Thoracentesis yielded pleural fluid that 
showed no growth on routine and mycobacterial cultures. 
Biopsy of small left supraclavicular and axillary nodes re- 
vealed nonspecific lymphoid hyperplasia. The patient was 
treated with ampicillin, but a rash developed. He was then 
treated with various other antibiotic agents, including an- 
tituberculous drugs, but continued to have spiking fevers 
and lost 15 Ib of weight. He was transferred to this institu- 
tion for further evaluation. 

On physical examination the patient was a somewhat 
cachectic and diaphoretic young man. The pulse was 95 
beats/min, blood pressure 110/70 mm Hg, respirations 24/ 


min, and the rectal temperature 101? F. Small nontender, — 


mobile nodes were present in the left posterior cervical, left 
axillary and inguinal regions. The chest was clear to per- 
cussion and auscultation; a grade 1/6 systolic ejection mur- 
mur was heard along the left sternal border; results of ab- 
dominal examination were normal. 


Laboratory data on admission included: hemoglobin 





rd is r remains iit . Steroids inhibit 






. mm in 1 “hour. Urinalysis show icroscopic he 
Serum protein content was 7.6 g/ 100 ml with « an albu 


content of 2.9 g/100 ml; bilirubin 0.5 mg/100 ml; alkaline 


phosphatase 125 international microunits (IzU)/100 mk. 


serum glutamic oxaloacetic transaminase (SGOT) 200 WU; 
100 ml; and serum glutamic pyruvic transaminase (SGPT) Y 


175 InU/ 100 ml. Values for blood urea nitrogen, serum cre- * 


atinine, glucose, electrolytes, calcium, phosphorus, uric 
acid, cholesterol and creatine phosphokinase (CPK) were - 
normal. Tests for antinuclear factor, lupus erythematosus 
cell preparations, latex fixation titers, and tests for hepati- - 
tis B antigen and febrile agglutinins were negative. Chest- 
roentgenogram revealed a heart of normal size and contour. 
Both lung fields showed evidence of old granulomatous dis- 7 
ease. Intermediate strength purified protein derivative 
(PPD) skin test for tuberculosis, and mumps and candida. 
skin tests were negative; a second strength PPD skin test 
Was positive. Multiple blood cultures were negative. Four 
morning urinary specimens, three gastric washings and a. 
culture of the bone marrow were negative for mycobacteria. : 
Liver isotope scan showed the liver:to be of normal size - 
with diffuse patchy uptake and increased splenic uptake. E 
Liver biopsy disclosed a nonspecific, reactive hepatitis, and 
bone marrow aspiration revealed a re: tive and hypercell l 
lar marrow. I 

The patient continued to have fever with late afte T 
and evening elevations in temperature to 105° F. . On 

















the 11th hospital day a pericardial: friction rub was he 
and the patient had evidence of tenosynovitis of the. 
wrist. Chest roentgenogram showed blunting of the le 
tophrenic sulcus; an electrocardiogram showed elevat 
of the S- T segments in the inferior, lateral and precor 
leads. Large doses of corticosteroids were administered, 
and the patient was also treated with isoniazid and etham- 
butol. Liver biopsy culture yielded colonies of Proteus mir- - 
abilis and Streptococcus fecalis. The patient was treated — 
with 20 X 106 units of penicillin and 4 mg/kg gentamicin. 
daily. Another liver biopsy was interpreted as revealing 
microabscesses. However, one week later the patient be- 
came afebrile. On the 19th hospital day massive cardiomeg- ` 
aly was noted and pericardiocentesis yielded 500 cc of sero- 
sanguinous fluid that had a glucose content of 98 0 
ml; protein 5 g/100 ml; red blood cells 1.1 X 105/mm?; and 
white blood cells 2,100/mm? with 70 percent polymorpho- 
nuclear leukocytes and 30 percent mononuclear cells. Cul- - 
tures for acid-fast bacilli were negative. Administration of © 
penicillin and gentamicin was discontinued. Over the ensu- 
ing week the heart size returned to normal although the. 
pericardial friction rub persisted. The electrocardiogram - 
showed nonspecific T wave flattening. Neutralization stud- . 
ies showed a rise in the titer to Coxsackie B2 virus from 1: 
256 on November 30, 1972 to 1:1,024 on December 21, 1972. 
The patient was discharged on December 31, on a regimen ۱ 
of betadexamethasone, 5 mg four times daily, and isonia- 
zid, 100 mg three times daily. 

At home the patient had an acneiform dermatitis over . 
his arms and torso and had bouts of anger and depression. 
In early February 1973, a low grade fever developed. Short- 
ly thereafter, scleral icterus appeared and isoniazid therapy 
was discontinued. The patient was readmitted to this hos- ` 
pital on February 15, 1973 because of 3 days of fever to 
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105^ F, watery diarrhea, .ight-colored stools and dark 


t . urine. Physical examination showed the patient to be debil- 


itated, markedly icteric and with cushingoid facies. The 
pulse was 92 beats/min; blocd pressure 115/80 mm Hg, res- 
.pirations 20/min, and rectal temperature 101° F. Pustular . 
lesions were present on the chest and white ulcerated le- 
ions on the buccal mucosa: there was no lymphadenopa- 
hy. The chest was clear to percussion and auscultation. A 
rade 2/6 systolic ejection murmur was heard along the left 
-sternal border; a tender liver edge was palpated 7 cm below 
the right costal margin in the midclavicular line, and 2+ 
‘ankle edema was observed. — 

E Laboratory data were: erythrocyte sedimentation rate 25 . 
mm in 1 hour; hemoglobin 14 g/100 ml; white blood cells 
2 700/mm with a differential count of 56 polymorphonu- 
clear leukocytes, 28 band forms, 1 metamyelocyte, 11 lym- 
‘phocytes and 4 monocytes; platelets 122,000/mm?; and re- 
culocytes 0.2 percent. Urinalysis revealed 3+ protein, 1+ 
pile, 1:20 urobilinogen; anc 3 white blood cells per high 
‘power field. The blood urea nitrogen was 10 mg/100 ml; 
erum glucose 240 mg/100 ml; sodium 127 mEq/liter; po- 
tassium 4.1 mEg/liter; chloride 87 mEg/liter; carbon diox- 
ide 29 mEdq/liter; calcium 8 mg/100 ml; phosphorus 1.3 
mg/100 ml; uric acid 4 mg/100 ml; cholesterol 280 mg/100 
ml; protein 6.8 g/100 ml; alkumin 2.6 g/100 ml; bilirubin 10 
mg/ 100 ml; alkaline phosphatase 305 1,U/100 ml; SGOT 
300 InU/100 ml; SGPT >303 ILU/100 ml; CPK 50 ۵ 















E چیه‎ 





` ml; and creatinine 0.6 mg/.00 ml. The prothrombin time 


was 22.4 with a control of 11.8 seconds. 

'The patient remained febrile with spikes to 103? F. The 
white blood cell level dropred to 1150/mm? on the second 
day and to 600/mm? by the third day. Cephalothin, 8 g/day 


. . intravenously, and gentamicin, 3 mg/kg per day intramus- 


cularly, were administered. Three blood cultures subse- 


۱ : i quently grew Diplococcus pneumoniae. The patient died on 
> the fifth hospital day. 


. Necropsy examination showed an enlarged heart weigh- | 


vu -ing 400 g. The pericardial sac was thickened and adherent 


to the epicardial surface by fibrinous adhesions. Micro- 
scopic examination showed a mild chronic myocarditis with 
scattered lymphocytic and polymorphonuclear leukocytic 
infiltration. Foci of lymphocytes were found in the epicar- 
dium and pericardium. The lungs weighed 1,500 g and 
showed severe edema and hemorrhage; small partially cal- 
cified granulomas were found. The liver weighed 2,500 g; - 
the lobular architecture was well maintained. The portal - 
tracts and sinusoids were moderately infiltrated with mo- 
nonuclear and plasma cell& Acute centrilobular and para- 
cellular necrosis, occasional mid-zone swelling, and some 
cholestasis was present. Chronic myositis, characterized by 


~ scattered myofibril atrophy, occasional hyaline degenera- 
- tion, and interstitial accumulations of lymphocytes and 
Be plasma cells were observed. 


` Comment: This patient presented a difficult clini- 


9 cal problem. He had a prolonged and severe illness. 


Steroid therapy was given because of the high tem- 
perature and continued debility. However, the evi- 
dence of old granulomatous disease on the chest — 
roentgenograms caused the physicians caring for the - 
patient to consider the possibility of tuberculous per- 


is . icarditis. "Furthermore, they were hesitant to treat 
<- this patient with large doses of steroids without an- 
- -tituberculous therapy in the face of old granuloma- 


tous disease. Thus, the patient received isoniazid 
therapy for 2 months. Liver function tests already 
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py. 


were mildly abnormal when the patient was first ad- 
mitted to this hospital, but he had received antitu- 
berculous therapy before admission. The markedly 


abnormal liver function tests, including the very high 

> serum levels of bilirubin followed by leukopenia dur- 
ing his last admission, suggested the possibility of 
isoniazid-induced hepatitis although this diagnosis 


was not proved. Whether the Coxsackie .virus infec- 
tion had made the patient more susceptible to this 


toxic effect of isoniazid is not known. The pathologic 


findings of the liver necropsy were also compatible 
with isoniazid-induced hepatitis.49 Thus, this patient 
with a clinical course consistent with Coxsackie virus 
myopericarditis and laboratory evidence of Coxsackie 
virus infection, may have died because of antituber- 


culous therapy. It is not known what role steroid 


therapy may have played i in (1) increasing the viru- 
lence of the Coxsackie virus infection and (2) increas- - 
ing the susceptibility of this patient to pneumococcal - 
infection. This patient well illustrates the vicissitudes 
of the diagnosis and therapy of Coxsackie v virus myo- 
pericarditis. | ۱ E 


-Corticosteroid and Immunosuppressant Therapy | 


Asplen and Levine? described two patients who, 
having responded to steroids, were unable to discon- 
tinue this therapy without recrudescence of symp- 
toms. When the immunosuppressant azathioprine 
was added, first the steroid and finally the azathio- 
prine therapy could be discontinued. This report 
supports the hypothesis of an immunologic basis for 


the continued cardiac lesions. - 


The following case history illustrates the prolonged 


illness that can be seen with Coxsackie virus myoper- 


icarditis and the problem of recrudescence of symp- 
toms when attempts are made to taper steroid thera- 


Case history: A 50 year old white woman was admitted 
to this hospital on March 19, 1973 with chest pain. She had 
been in good health until 4 years before admission when. 
she first began to experience infrequent episodes of press- 
ing lower substernal and left anterior chest pain, lasting for 
5 to 10 minutes, radiating to the neck, back and jaw. The 
pain was not related to exercise, respiration, position or 
meals. During the year before admission, the episodes of 
chest pain increased in frequency and the pain began to ra- 


diate to both arms. On January 28, 1973 the patient was 
seen in the emergency room of another hospital for a par- 


ticularly severe episode of chest pain, associated with nau- 
sea, vomiting and diaphoresis. Electrocardiogram ; and chest | 
roentgenogram were normal and the patient was sent 
home. Subsequently, the pain, which had hitherto been in- 
termittent, became persistent and. pleuritic i in nature. Ten 
days before admission the patient began to have daily fever 


to temperatures of 101.2? F and became fatigued. Several _ 


days later she noticed a blotchy rash on her right. cheek. 
During the 3 days before admission the chest pain in- 
creased in severity. She visited her private physician who 
found that her heart size on chest roentgenogram had in- 
creased compared with the normal cardiac silhouette seen 
on roentgenogram 2 weeks. previously; the electrocardio- 
gram, which had been normal 2 weeks previously, showed 
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`. changes consistent with acute pericarditis. A cousin and an 


` uncle had been treated for tuberculosis several years pre- 


`. viously but the patient had a negative tuberculin reaction 3 
. . years before admission. 


On admission to the hospital the patient was a corpulent 
middle-aged woman in moderate distress. The pulse was 
130 beats/min and regular; the blood pressure was 107/70 

mm Hg with 7 mm of pulsus. paradoxicus. The respirations 


| were 18/min, and the oral temperature was 98.2° F.. The 
` pharynx was slightly injected but without exudate; there 








was no rash or lymphadenopath: he: sternum was some- 
what tender to palpation. The chest was clear to ausculta- 
tion and percussion. The point of maximal cardiac impulse 


was diffuse at the fifth left intercostal : space in the midclav- 


 "ieular line. The heart tones were of good quality and ; a dia- 


` sstolic gallop. was heard; there were no cardiac murmurs. 
The neck veins were not distended, but hepatojugular re- 


` `` flux was present. Results of. abdominal. examination were 


















normal; there was no peripheral edema. 


Paired sera showed negative complement- fixation tests 
s adenovirus and Mycoplasma. pneumoniae. Neutraliza- 
tion tests for Coxsackie viruses B1-B5 showed a rise in titer 


` ` of antibody to Coxsackie virus B5 from 1: 16 on March 30, ۱ 


1973 to 1:128 on April 14, 1973. | 
On the second hospital day the patient ` bad fever rising 


ee to 101.8° F and by the third hospital day a “to. and fro" 
>o pericardial friction rub was dearly audible. The serum glu- 


tion rate on a regimen of 40 m. ۱ 
rin/day. However, steroids could not be tapered further be- - 
cause of recrudescence of pain, hepatomegaly and electro- . 


. ` ` Laboratory data included an erythrocyte. ی‎ ۱ 
m rate of 66 mm in 1 hour (Westegren); hemoglobin 12.8 g/ 
100 ml; white blood cell count 8,900/mm? with a normal 
` differential count. Results of urinalysis, blood urea nitro- 
gen, serum glucose, electrolytes, protein, calcium, and 
| phosphorus, liver function tests, Veneral Disease Research 
-. Laboratory (VDRL), antinuclear antibody, latex fixation, 
` antistreptolysin-O titer, intermediate strength PPD skin 
` test and .a slide test for. infectious. mononucleosis were all 
— normal. The chest roentgenogram | showed an enlarged, 
. globular heart. The electrocardiogram. revealed sinus 
P tachycardia (120 beats/min) and diffuse flattening of the 
waves in the inferior and lateral leads. Throat culture grew 
i normal flora. | 


. 40 mg of prednisone daily was used the patient's P er 


added to the regimen. To date the use of this « 
has allowed a decrease of steroid dosage to 20 m 







tamic oxaloacetic transaminase (SGOT) and serum puia 3 
ic pyruvic transaminase values (SGPT), which had been 
normal on admission, rose to 85 and 160 IzU/100 ml, re- - 
spectively. The serum bilirubin, alkaline phosphatase. and 
creatine phosphokinase (CPK) levels were normal. She was © 
given large doses of prednisone with dramatic improve- 
ment. However, repeated and perhaps premature attempts — 
to wean the patient from steroid therapy were unsuccess- : 
ful. Aspirin was added during the third hospital week and . 
the patient's prednisone. dosage was thereafter very slowly: 
reduced. She was discharged 5 weeks later, comfortable, : 
afebrile, with normal heart size and erythrocyte sedimenta- 

ig prednisone and 3.9 g aspi- 













cardiographic changes. After treatment with hydroxychlo- - 
roquine sulfate the patient. showed clinical improvement. - 
'The dose of prednisone was slowly decreased to » 20 mg/day . 
without exacerbation of symptoms. EE. 


Comment: This patient had Beh ill for 9 Niobe: P 
The physicians caring for her added other antiin- 
flammatory drugs to the therapy in an attempt to de- 
crease the dose of corticosteroids necessary to keep 
the patient free of symptoms. First aspirin was used 
with some success. However, when a dose of less thar 














icarditis flared. Hydroxychloroquine sulfate, a 
used also to treat systemic lupus erythematosu: 


prednisone daily. Thus, this patient presents a pro 
lem similar to that of the patients described. by A 
plen and Levine. : 
In addition to bed rest, standard supportive thera. i 
py should be given for relief of pain, heart failure and 
cardiac arrhythmias. Because pericardial effusion of . 





` viral myopericarditis can be hemorrhagic,?! aspirin. or: 
anticoagulant therapy should be avoided. ۲! aes 
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HISTORICAL MILESTONES 





Experiments on Venous Pressure by 


Sigmund Kornfeld (1891) 


SAUL JARCHO, MD 
New York, New York 


By the end of the 19th century experimental physiol- 
ogy had passed through a golden period of explora- 
tion and discovery and had become increasingly able 
to cope with difficult problems. Among the most 
pressing was the analysis of the puzzling phenomena 
that daily confronted the physician in cases of cardi- 
ac insufficiency. What role was played by each ven- 
tricle in health and disease? To what extent could ei- 
ther ventricle be considered to act independently 
under normal conditions and in the presence of one 
or another kind of lesion? In the later decades of the 
19th century it had become possible to approach 
these questions experimentally. This was done in the 
great European laboratories and in a few in the Unit- 
ed States. 

Sigmund Kornfeld (1859-1927), whose experi- 
ments are now to be considered, was an assistant of 
S. S. K. von Basch. That eminent man is now remem- 
bered chiefly for having invented one of the early 
sphygmographs. He was professor extraordinarius at 
the University of Vienna and had previously been 
physician to Emperor Maximilian of Mexico. 

Kornfeld was much less famous than his teacher. 
After doing research on cardiovascular physiology, he 
devoted himself increasingly to physiologic psycholo- 
gy and then to psychiatry. In 1905 he published a his- 
tory of psychiatry. 

The following excerpts have been translated from 
Kornfeld’s paper, ‘Experimenteller Beitrag zur 
Lehre vom Venendruck bei Fehlern des Linken Her- 
zens” (“Experimental contribution to the subject of 
venous pressure in insufficiencies of the left heart"), 
which appeared in Klinische und Experimentelle 
Studien aus dem Laboratorium von Professor v. 
Basch (Berlin, Hirschwald, 1891, volume 1, pages 
126-139). 


Excerpts from Kornfeld 


In the normal circulation, i.e. when both sides of the 
heart do equal work, the venous blood which arrives in the 
right atrium undergoes genuine acceleration through the 
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work of the right ventricle. Corresponding to this accelera- 
tion the pressure in the right atrium sinks. On the other 
side, however, the pressure in the right atrium or in the 
veins corresponds to the remainder of the work of the left 
ventricle, which has remained after the resistances in the 
channel of the arteries, capillaries, and veins has been over- 
come. In other words, the pressure in the veins depends on 
the work of the left heart as well as on that of the right 
heart. 

The work of the left heart raises that pressure by in- 
creasing the afflux of fluid, whereas the work of the right 
heart lowers it by accelerating the outflow. It follows from 
this that when the work of the two ventricles diminishes si- 
multaneously, the diminished performance of the left ven- 
tricle acts on the venous pressure in a manner opposite to 
the diminished performance of the right ventricle. 

In considering the reciprocal relation between arteries 
and veins one must always be aware of this double depen- 
dence of venous pressure on the left and right ventricles. 
One must always bear in mind that two motors are incorpo- 
rated into the total circulation; each of them acts for itself 
in pressure and suction. If this state of affairs is disregard- 
ed it is easy to fall into the error of imagining that the 
blood from the veins arrives back in the left heart only be- 
cause of the impulse that it had just received from the same 
left heart. Such a notion can readily lead to the opinion 
that diminished work of the left ventricle is the function on 
which elevation of the venous pressure depends. 

Proceeding from this line of thought I have analyzed the 
question of the origin of the elevation of venous pressure 
which occurs during stimulation of the vagus.* This analy- 
sis shows the nature of the dependence of venous flow upon 
the work of the left ventricle and upon that of the right 
ventricle. When flow in the veins—insofar as it depends on 
the left ventricle—fails, the decreased work of the right 
heart makes the venous pressure rise. 

We must start with this knowledge of the double depen- 
dence of venous pressure on the left and right heart if we 
seek to understand and evaluate the conditions that arise 
in the arterial and venous systems during failure of the left 
heart. 

If we assume that we were able in an experiment to halt 
the left heart alone or to retard its pulsations, undeniably 
the arterial pressure and at the same time the venous pres- 
sure must fall—the arterial pressure for reasons so obvious 
as to need no further clarification, the venous pressure be- 
cause while the work of the right heart is maintained, the 


* Centrablatt für Physiologie vom 28. Februar 1891. H. 24. 
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conditions for acceleration of venous flow persist and on 
the other side the quantity of blood flowing into the veins 


`. from the arteries diminishes. 


... Any interference which res.ilts in the left ventricle put- 
>: ting less blood than usual into the arteries must operate 
^^. Like cessation or retardation of left ventricular activity. Ex- 

- amples of such interference are insufficiency of the mitral 
: yalve, stenosis of the left venous ostium, insufficiency of 
. the aortic valve, stenosis of the aortic orifice, and obviously 
= combinations of these defects 

-a Accordingly we must state the thesis that when the work 
of the left ventricle is insufficient, and also in all deficien- 
cies of the left venous and arterial orifice, if the work of the 






- right ventricle remains unimpaired, venous pressure must 


E -sink simultaneously with arterial pressure. 


"^.- This fact is derivable a priori by reasoning. Nevertheless, 


E if I have considered it necessary to provide experimental 


an proof, this is because of the fact since Traube all textbooks 


have carried the statement that decreased pressure within 
`. the arterial system is followed at once by increased venous 
e pressure, but nothing further is said about the nature of 
=; the conditions causing both phenomena. 

." - In his famous treatise on tne relation between diseases of 
2 the heart and kidney, Traube* says, “When we examine 
` more closely the structural changes in the second group"— 
he is here thinking of the cases in which abnormally high 
resistances are intercalated into the arterial blood current 
or the bloodstream takes the wrong direction or the propul- 
sive force of the heart is diminished—‘“‘we come to the con- 


clusion that they are able to lower the pressure of the aortic’ 


system below the normal mean and at the same time to 
raise the pressure of the venous system above the normal 
mean.’ 

At a later point, on page 302, Traube discusses the pro- 
cess further and says, "From these facts we conclude that 
in all the cases mentioned, an accumulation of blood in the 
heart must occur when the pressure in the aortic system 
falls and that the chambers of the heart are dilated to a 
^ certain degree by the accumulation, finally the content of 
<: the venous system of the body also undergoes persistent 


< augmentation. Under conditions that are similar in other 
i. respects, this augmentatior. will conceivably be greater the 
` greater the diminution in pressure that the aortic system 
. has undergone, i.e. the smaller the amount of the blood 
-= that is contained in it." ۱ 
— Before I come to my experiments, I shall mention the 


fact that animal experimerts on venous pressure in defects 
of the heart are generally nonexistent. In most experiments 
on inadequacies of the heart only: the behavior of the arteri- 
al pressure is tested. Only in the investigations of Bettel- 


heim and Kauders on mitral insufficiency, which were con- 
' ducted in this laboratory, was the pressure in the pulmo- 
=- nary artery and in the left atrium measured, in addition to 


the arterial pressure. 
*. I have done the following series of experiments. First, I 


Uu tested the reciprocal relation between the arterial and ve- 
nous pressures during obstruction of the left atrium, i.e. 





`` during an intervention which in its mechanical effect is 
ue. comparable to mitral stenosis. Second, I tested the behav- 


` ior of arterial and venous pressures during artificially pro- 
:. duced mitral insufficiency. Third, I did experiments in 
t. which the aorta was ligated immediately above the valve, so 
= that artificial aortic stenosis was produced, and in these 
`. cases the arterial pressure was measured as well as the ve- - 

` nous pressure. Fourth, I investigated the reciprocal relation 


‘` of arterial and venous pressure in artificial aortic insuffi- 


* Gesammelte Abhandlungen. ll. Bd. S. 294. 


ciency. Fifth and last, I subjected to experimental trial the , 


effect of simultaneous insufficiency of both ventricles on 
the behavior of the arterial and venous pressure... . 

Results. From the experiments which I have reported it 
is clearly evident that in all cases in which the left ventricle 
throws less blood into the arteries, not only the arterial 
pressure but also the venous pressure falls. When arterial 
pressure falls, venous pressure rises only if both the left 
ventricle and the right ventricle are impaired i ip their activ- 
ity. 

In pure mitral stenosis, in pure mitral insufficiency, jite: 
wise in pure aortic stenosis and pure aortic insufficiency, 


for mechanical reasons the arterial blood pressure and also | 


the venous blood pressure must fall. 

Finally we must discuss the question of which consider- 
ations present themselves for judging the behavior of the 
arterial and venous pressures in heart disease in human 
beings. The results of experimentation in animals cannot 
be transferred completely to the phenomena which come to 
light at the bedside, since in sick persons we have to do 
with phenomena which develop gradually and last a very 
long time, and the structure of the cardiac musculature and 
the work of the heart do not remain constant. _ 

However the experiments that I have reported do yield 
very definite bases for judging the behavior of the arteries 
and veins that is observable in the actual case. In a case of 
disease of the left ostia, if we find no signs that make us 
infer an increase in the venous pressure, we must consider 
it completely settled that it is a case of pure valvular dis- 
ease of the left ostia, that is, that only the activity of the 
left ventricle is damaged but that the function of the right 
ventricle has remained intact. However, in a case of the 
same kind of heart disease if at the same time we find signs 
which indicate simultaneous elevation of venous pressure, 
we must take into consideration to what. cause this elevated 


venous pressure must be related. We can rule out in ad- — 


vance the explanation that this elevation of venous pres- 
sure stands in any causal relation to lesions in the left heart 
and its valves. These lesions of themselves must lead to 
lowering of venous pressure. 

However, as we know from reasoning and from experi- 
ment, elevation of venous pressure can come about in two 
ways-—firstly because the right ventricle becomes insuffi- 
cient, but secondly even without insufficiency of the right 
ventricle. Without insufficiency of the right heart elevation 


of pressure in the venous system can occur in the following 


way. Each defective action of the left. ventricle, whether 
caused by deficient work of the musculature or by deficien- 
cy of the valves, must lead to stasis of blood in the left atri- 
um. This stasis of blood in the left atrium leads to overfill- 


ing of the vessels of the lung with blood. This overfilling of 
the pulmonary vessels with blood leads, as von Basch has 
shown, to swelling of the lungs. This swelling of the lungs 


must be larger the greater the deficiency. of the left heart 
while the activity of the right heart remains constant. If the 
swelling of the lungs i is great, it must cause the intrathorac- 
ic pressure to rise, as has been shown by experiments pub- 


lished elsewhere (page 51) by Dr. Grossman. Thus a condi- — 


tion is created which impedes the. inflow of venous blood 
into the thorax and leads to swelling. of veins outside the 
thorax. 

Thus in any case in which the presence of a lesion of the 


left heart has been ascertained and swelling of veins has 


been observed, it will be a question of determining more ac- 
curately the cause of the swelling, i i.e. to make the differen- 
tial diagnosis of whether it is due to swelling of the lungs or 
to insufficiency of the right ventricle. 

For a differential diagnosis of this kind there are very 
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+ definite points of reference. Swelling of veins must be at- 
' tributed to swelling of the lungs when we are in a position 
to demonstrate enlargement of the lungs and when the 
principal symptom of the swelling and concomitant rigidity 
of the lungs, namely intense dyspnea, is demonstrable. 
This symptom must recede into the background when the 
swelling of the veins is due to insufficiency of the right ven- 
'tricle, for the diminution of the functional capacity of the 
^ right heart must impede the development of swelling of the 
lungs, since with this insufficiency the quantity of blood 
flowing into the lungs is diminished. 
- Finally, I must adduce the conception we should have of 
the distribution of blood in failure of the left ventricle ac- 
. cording to whether this. exists without failure of the right 
. ventricle or combined with it. | 
^ [n pure insufficiency or valvular insufficiency of the left 
`. ventricle the quantity of blood in the arteries and veins 
must become smaller by that portion which either flows 
us backward from the left ventricle into the left atrium during 
` ` systole, or from the aorta into the left ventricle during dias- 
tole, or during ventricular diastole or ventricular systole re- 
- mains in the left atrium or left ventricle. 
` This mass of blood must accumulate in the left atrium, 
e Eg lungs, and the right. ventricle. Accumulation can only 
— — take place in the veins when the right ventricle also has be- 
` come insufficient. or when swelling of the lungs, produced 
5 by stasis of blood i in the left atrium, raises the intrathoracic 
. . pressuretoa very high degree. — 
~The opinions which have been T up to the present 
c time concerning. the behavior of the arterial and venous 
pressure and the distribution of blood must be given in- 
"i creased | precision in the. manner that has just been indicat- 
ed. 
0o Um addition, I cannot. dmi to ean here that Cohn- 
heim found it necessary: to postulate insufficiency of the 
۱ right ventricle in explaining the origin of venous distention 
. in failure of the left heart. In his Lectures on General Pa- 
i thology, volume 1, page 31, he says the. following: “As soon 
: as obstacles oppose the flow of. pulmonary venous blood 

















EF a its blood into the nc ene arteries as ۱ dy as 
. before. Even at the end of systole it remains partly filled 
` "and now the same situation is present: the venae cavae can- 
. mot pour out their blood freely. Thus it is apparent that in 
-all the instances of heart failure with which we are con- 
in cerned, along with. lowering of the mean arterial pressure 
| impediment arises against the flow into and through the 
art, and this must necessarily produce stasis of blood in 
o the: | system of the body." . n 
- s Thus we see that Cohnheim, by introducing insufficiency 
2 of the right ventricle as a cause of elevated venous pressure, 
| disagrees: with Traube. Apart from this insufficiency, as I 
— shall reiterate, elevation of intrathoracic pressure conse- 
oe © quent « on swelling of the lungs must be taken into consider- 
ation as an additional cause of elevation of venous pressure. 


` Comment on Kornfeld's Experiments 


| By the year 1890 it had become possible to under- 
take the investigation of difficult problems in cardio- 
vascular physiology such as the minute analysis of 
myocardial insufficiency. For this purpose it was nec- 
essary to determine the role of individual compo- 
nents of the cardiovascular apparatus, for example, 
of each ventricle taken separately, and of the venous 
and arterial structures. 
` Tn the studies performed at that time the aspects 
. that received the main weight of investigation were 








KORNFELD'S STUDIES OF VENOUS PRESSURE—JARCHO 








pressure and rate, especially the former. Of the eigh 
tracings included in Kornfeld's article—these a 
omitted from the foregoing excerpts—all are pressu 
tracings and are accompanied by the little spikes of 
the time marker. Useful measurements of flow, vol. 
ume and viscosity were to undergo development in a 
later period. It is to be noted incidentally that the 
tracings given in Kornfeld’s original article are pho- 
tographs, not drawings. This is an additional and 1 
minor indication of the advance in technique. 1 

Kornfeld states that the left heart chambers in- " 
crease venous pressure by increasing the afflux of. 
fluid, whereas the right heart chambers reduce ve- : 
nous pressure by accelerating outflow. Hence, if the - 
work of both ventricles were to diminish at the same - 
time, the diminished activity of these two structures 
would affect venous pressure in an opposite manner. 
The effects are thus reciprocal. It is erroneous, he 3 
says, to suppose that the venous blood arrives back in : 
the heart only because of a push from the left ventri- - 
cle; the circulation contains two motors and these act. 
independently. Venous pressure thus is dependent on i 
the action of both ventricles. 1 
1۶ the work of the left ventricle becomes insuffi- 
cient—and this might happen if its orifices were ob- 
structed—and if the right ventricle continued to 
function unimpaired, venous pressure and arterial — 
pressure, he insisted, must decline simultaneoush E 
This contention he set out to prove by experiment. . 

He produced mitral obstruction, mitral insufficier 
cy, aortic stenosis and aortic insufficiency, : 
measured both arterial and venous pressures 
found that whenever the left ventricle ejected le: 
blood into the arteries, both arterial and venous pre: 
sure decreased. To this rule he found one exception: | 
When arterial pressure decreased, venous pressure- 
increased only if the action of both ventricles was im- P 
paired. 1 

In the ۳ of right ventricular insufficiency, - 
increased venous pressure might result from defec- | 









tive activity of the left ventricle, which would cause - 


successively overfilling of the left atrium, distension . 
of the pulmonary vessels, swelling of the lungs, in- 
creased intrathoracic pressure and impeded venous 
inflow into the thorax—in other words, what we now | 
call backward failure. ۱ 
These and other contentions and exceed re 


searches by Kornfeld encountered severe criticism: - 


Those who wish to study. the controversy in detail . 
should read the essay by Dr. Benno Lewy on the " 
mechanisms of aortic insufficiency (Ueber den Me- 
chanismus der Aortenin-suffizienz, Zeischrift für 
klinische Medizin 32: 379-385, 1897). It is notewor- 
thy also that, as Kornfeld indicates, the controversy. 
involved a difference of opinion between two titans of 
physiology —Cohnheim and Traube. | 
Although Kornfeld's paper was planned and exe- 
cuted as a study in physiology, physiologic problems 
by no means represent the totality of its importance. | 
In order to study the function of each ventricle and 
to measure arterial and venous pressure under patho- . 
logic conditions, he created various types of intracar- . 
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way ‘of a ‘systemic. vein connected to the arterial atri- 


= ^um; and (5) arteriovenous fistula involving a pulmo- "u 
 nary artery. In 1971 a single left pulmonary vein sim- _ 


 ulating a pulmonary. nodule was reported. Because 





Pa "Our patient had a single dé 
= ing into the le left atrium i 













ae ‘nous return, a condition that increasingly’ req 
"recognition in this era of. cardiopulmonary 
The roentgenographic findings also must be di 
_ guished from those of pulmonary arteriovenous f 
la and anomalous systemic arteries that. original 
— from the aorta and perforate the diaphragm. The sin 
gular significance of the anomaly described is that 
|J.  . .characteri 
in O be onfused with | more e sinister Pomona den 


- of the appearance of the single vein during routine — 
- roentgenography the patient was subjected to a left 
E before undergoing Pulmonary sngiogra- B 
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uxtaposition c of Atrial Appendages: 
ngiocardiographic Observations 





The angiographic features. of four cases of left-sided juxtay 


one case of ‘right-sided. juxtaposition of the: atrial. appendages ire de- 
scribed. The anomalous appendage was. cephalad and dorsal to the 
۱ normal. position. of the left atrial appendage. and was larger than normal 
during atrial diastole; the appendage located on the anatomically cor- - 
rect side was caudad and its diastolic size was less than normal. The _ 
four cases of left-sided juxtaposition were all associated with transpo- _ 
sition of the great vessels. Right-sided juxtaposition was detected in- =~ 
advertently ina patient | with a congenital. obstructive lesion of the cmi- : 
tral valve. Left-sided juxtaposition can be demonstrated angic ardi- KR 
. ographically by opacification of the right atrium, whereas right-sided — 








juxtaposition can be seen by contrast injection into any cardiac cham- Suga 


ber but the left ventricle, with certain exceptions. 


sa uxtaposition of the Atrial appendages | is defined as that condition i in 


which both atrial appendages are adjacent to each. other and to one 


` side of the great vessels. Left-sided. juxtaposition occurs when both 


appendages lie to the. left, and right-sided juxtaposition when they 


` are to the right of the great vessels. Charuzi et al.! recently reported 
` that in left-sided juxtaposition the right atrial appendage i is occasion- 
ally bifid with only its left unit juxtaposed. and: termed this state 


“bifid atrial appendage with partial juxtaposition.” ۱ 
Becker and Becker? reviewed 69 cases of juxtaposition of thé atrial 
appendages, including. 1 of their own. Wagner et al.? reported an ad- 


` ditional 6 cases and in 197 3 Charuzi et al. added another 16. Of this 
total of 91 cases, 71 were reported as complete left-sided juxtaposi- 


tion, 8 as partial juxtaposition and 12 as complete right-sided gustas 


position. | 
All types of juxtaposition—right- or r left:sided; complete. or -partial— 


are usually associated with complicated congenital heart. lesions in 


which transposition. of the great vessels with or without inversion or 


atresia of one of the atrioventricular valves « or r pulmonary stenosis eor. a 
combinations of these lesions is manifest. = = " 
Most data on juxtaposition are based on | necropsy. studies. 1-5 Ellis. = 
and Jameson® in 1963 were the first to report a case of. left-sided jux-  - 
` taposition diagnosed by angiocardiography. Diagnostic angiographic — 
`. demonstration of right-sided juxtaposition has not been described io o 
. date. This report presents. the angiographic features of. right- and. B 
` left-sided juxtaposition of the atrial appendages, the right i jnacasein ^ — 








which obstructive mitral valve disease was the only associated lesion. | ue E 


Material and Methods - 


The angiocardiograms in 100 cases of complete and ML Eoin » 
of the great vessels were reviewed for the purpose of selecting those demon- 
strating juxtaposition. of the atrial appendages. ‘The angiocardiograms. ine. 
` eluded 86 cases in which the contrast material was injected into the venous 
ventricle and 14 into the right atrium or superior vena cava. Among the. 86 
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JUXTAPOSITION OF ATRIAL APPENDAGES-—DEUTSCH ET AL. 











FIGURE 1. Angiocardiograms after contrast injections into the main pulmonary artery and superior vena cava in a patient with right-sided juxta- 
position of the atrial appendages and block at the level of the mitral valve. A and B, venous phase of main pulmonary arterial and superior vena 
caval injection, frontal and lateral view, respectively. The left atrium (LA) is enlarged. A huge left atrial appendage (arrows) bulges cephalad and 
dorsally from the upper right border of the left atrium. C and D, injections into the superior vena cava, frontal and lateral view, respectively. The 
small right atrial appendage (arrows) is located caudally to the right-sided left atrial appendage. RA = right atrium. 


cases with venous ventricular injection, an additional injec- 
tion was performed in the left atrium in 10, the left ventri- 
cle in 3 and the right atrium in 4. A diagnosis of left-sided 
juxtaposition of the atrial appendages was made in four 
cases of equal sex distribution; in all four cases the heart 
was in situs solitus. Complete transposition of the great 
vessels was present in three, and corrected transposition in 
one. Tricuspid atresia and subpulmonic stenosis were each 
present in two patients. Atrial septal defect or a patent 
foramen ovale in addition to a ventricular septal defect was 
present in all. Right-sided juxtaposition of the atrial ap- 


pendage was inadvertently demonstrated by angiocardi- 
ography in a case of congenital mitral valve disease; the 
findings in this case are described in detail. 


Case Report 


An 11 year old boy, the product of a normal pregnancy 
and delivery, with the sole compiaint of dyspnea on effort 
was admitted at age 9 years for cardiac evaluation. 

On examination he was underceveloped and undernour- 
ished and had no dyspnea or cyanosis at rest. The periph- 
eral pulses were normal; no prominent jugular veins were 
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` JUXTAPOSITION OF ATRIAL APPENDAGES—DEUTSCH ET 


present. There was a left parasternal impulse. The first 
-— sound was normal. A grade 1/6 rumbling presystolic mur- 
. mur was heard maximally at the apex. The second sound 
was variably split with accentuation of the pulmonic com- 
. ponent. No opening snap was heard. The electrocardiogram 
- showed biatrial hypertrophy. 
== Chest X-ray films demonstrated cardiomegaly with left 
atrial enlargement and normal pulmonary vasculature. The 
` clinical impression was obstruction at the mitral valve 
. level. Right and left cardiac catheterization was performed 
- revealing normal pressures except for minimally increased 
` pulmonary capillary pressures. 
. Selective angiocardiography of the main pulmonary ar- 
` tery revealed delay in the emptying of the enlarged left 
atrium and a large dorsally located right-sided left atrial 
a appendage (Fig. 1, A and B). Selective injection of the su- 
. perior vena cava showed a small right atrial appendage 
- caudad to the right-sided left atrial appendage (Fig. 1, C 
. and D). The final diagnosis was right-sided juxtaposition of 
. atrial appendages and block at the level of the mitral valve. 
























Angiocardiographic Observations 


`. The angiocardiographic diagnosis of juxtaposition 
-was made in five cases; in two, the contrast material 
. was injected into the right ventricle and, respectively, 
in the right. atrium, pulmonary artery and the left 
ventricle in the other three. The diagnosis was not 
suspected from the routine chest X-ray films. 
Angiocardiography in the five cases demonstrated 
that the anomalous atrial appendage was cephalad, 
dorsally located and larger than normal during atrial 
.. diastole. However, the anatomically correct append- 
|... age was caudad and smaller than normal during the 
f Sani phan (Fig. 1 to 3). 


Discussion 


۱ "Associated congenital cardiac defects: Mehl- 
i. il ahd Van Praagh® discussed the congenital mal- 
formations associated with juxtaposition and noted 

- transposition of the great vessels in over 90 percent 

"^. ofthe cases. They compared 42 specimens of juxta- 
position with 100 unselected cases of transposition of 

the great vessels without this anomaly and found an 
increased rate of associated congenital lesions when 
juxtaposition was present: (1) tricuspid atresia 10:1; 

. (2) ventricular septal defect, atrial septal defect, pul- 









` monary and aortic outflow obstruction 3:1; and (3) 


right-sided aortic arck 2:1. The only anomaly that 
was less frequent was common atrioventricular canal. 


There was also a marked female predominance in | 


juxtaposition in contrast to the well known male pre- 
dominance in transposition of the great vessels. 

The ratio of right- to left-sided juxtaposition is 1:7. 

Of the 12 reported cases of right juxtaposition (10 

cases including their own, reviewed by Becker and 

Becker,’ 1 case each from Wagner et al.? and Charuzi 

et al.!), 9 had some type of transposition of the great 

-. vessels that in 4 was essociated with ventricular in- 

B version. In one other case showing ventricular inver- 

sion, the relation of the great vessels was normal but 

atresia of the left atrioventricular valve was also pres- 

ent. In two cases, the one reported by Edwards and 


reviewed by Becker and Becker and the latter's own. 
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case,? the basic structure of the heart and the great. ` 


vessels was normal. The only- abnormality in Ed“ 
wards’ case was a ventricular septal defect and in the 


` case of Becker and Becker an atrial septal defect as- 


sociated with a bicuspid pulmonic valve. 

The relative frequency of associated congenital 
heart diseases in 13 patients with right- and 15 with 
left-sided juxtaposition was compared. Transposition 
of the great vessels was less commonly associated 
with right- than with left-sided juxtaposition (69 to 


93 percent). Tricuspid atresia was not reported in — 


right-sided juxtaposition, and tricuspid stenosis was 
present in only two cases. Pulmonary and subpulmo- 
nary stenosis were also less common. (five and three 
cases, respectively). The frequency of associated ven- 
tricular and atrial septal defects in left-sided juxta- 
position was not mentioned by Charuzi et al,! but 
the data of Mehlhuish and Van Praagh^ indicate that 
these lesions also are less frequent in right-sided than 
in left-sided juxtaposition. — 

The developmental basis of juxtaposition of the 
atrial appendages is not clear. Right-sided juxtaposi- 
tion is explained by overtorsion of the primitive car- 
diac tube and overmigration of the bulbotruncal seg- 
ment and left-sided juxtaposition by underdevelop- 
ment of these processes.5$97 Mehlhuish and Van 
Praagh? explain that juxtaposition is not a primary 


anomaly and is not caused by a known morphologic - 


factor but i isa secondary effect of one or multiple car- 


association of left- sided juxtaposition with ople 


cardiac malformations. 

Angiocardiographic diagnosis: Isolated juxta- 
position of the atrial appendages does not affect car- 
diac hemodynamics but it is important that the radi- 


` ologist and clinician know of its existence because of 


its unusual angiocardiographic features. Further- 
more, the common association of juxtaposition of the 


atrial appendages with complex cardiac anomalies ` 
should serve as a warning to the investigator per- 


forming cardiac catheterization. 

Angiocardiography is the method of choice for 
diagnosing juxtàposition of the atrial appendages. 
Demonstration of the presence of left-sided juxta- 
position is dependent on the visualization of the right 
atrium and its appendage, easily achieved by inject- 
ing contrast material into the right atrium. However, 
in most studies the contrast material is first injected 
either into the right ventricle, pulmonary artery, left 
atrium or left ventricle. In these instances left-sided 
juxtaposition can be missed unless there is a left to 


right shunt enabling opacification of the right atri- 
um. In three of our four cases of left-sided juxtaposi- - 


tion the diagnosis was made despite injection into the 


pulmonary artery or right ventricle because a left to 


right shunt was present at the atrial level. In the 
fourth case the diagnosis was recognized by injection 


of the contrast material into the right atrium. In the. 
three cases with right ventricular or pulmonary arte- 


rial injection, the diagnosis of left-sided juxtaposition 
was suspected on the basis of the conspicuous opaci- 
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| "Well. رن‎ E ek the pulmonary veins include ob- 

. Struction of. pulmonary. venous return and various degrees of anom 
. .lous pulmonary venous drainage. The following case report. illustra 
à | an unusual roentgenographic. demonstration ofa single. left pull 


Ec of a me orifice. These 1 findings were confirmed by angiog 


` ter because of an abnormal roentgenogram. The patient. 
-Results of the physical examination and routine borat 
a m مایت‎ SE) were normal. ۱ 


wedge pressures ‘measured in both. the. right and left lang. Left to righ 
à shunting was excluded by normal oxygen saturat:on determinations withou 
` step-up in the right atrium, right ventricle or pulmonary artery and a normal” 
hydrogen inhalation study in the pulmonary artery. A pulmonary arterio- 
_ gram demonstrated normal pulmonary. arteries (Fig. 2). During levophase 








. Om roentgenograms should not t be riw € Nan ony a ; 
pennies T NW oe ua rata E aa ac 










Case Report 


A 38 year ‘old: serviceman was. referred to the Nawal Regional Medical ( Cen 







there was opacification of a large. tortuous: pulmonary vein that originated in p 
the left lower lobe of the lung, coursed s iper iorly providing drainage for the . 
lingula and left: upper lobe of the lung and enterec the left atrium in the con- _ 


_ ventional location of the left: superior polite. vein (Fig. 3). Pulmonary ve- : 


nous return from the right lung was normal. 


Discussion - 


The primordium of this pulmonary vein can be seen during the . 
27th to 29th days of development originatinz from the superior wall - 


of the left atrium and growing toward the lung bud.! This primitive - 
| vessel divides into right and left pulmonary veins which in turn di- . 
_. vide to provide four pulmonary veins. As the left atrium enlarges, the ~ 
' . common primitive pulmonary vein. and the right and left pulmonary. : 


The opinions. or  aasertions cóitainiid har M .. veins are absorbed into the wall of the left atrium, leaving four. pul. 


are those of the authors and are not to be con- 

strued as official or as necessarily reflecting the 
views of the Medical Department of the Navy or. 

the naval service. at large. ‘Manuscript accepted a 

January 30, 1974. f 

3 “Address. for. reprints: Walter v. R Vieweg, 

۱ CDR, MC, USN, ‘Naval Regional. Medical Center, 


monary veins draining directly into the left atrium. 


‘Ina review? of abnormalities of the pulmenary veins published » £s 


` recently as 1967, single pulmonary veins with normal pulmonary ve- 
. nous drainage and without obstruction were not included. Anomalies. ch 
of the pulmonary veins were divided into five categories: (1) stenotic ` 
` veins; (2) accessory veins; (3) partial or total anomalous pulmonary . 
| venous return, B way of a systemic vein or right atrium; (4) return aby. 5 












JUXTAPOSITION OF ATRIAL APPENDAGES—DEUTSCH ET AL 
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e arrows point to the left-sided atrial appendage opacified 
monstrates the tricuspid atresia and the huge left-sided atri- 





FIGURE 3. Angiocardiogram in a pa- 
tient with corrected transposition of 
great vessels, tricuspid atresia and 
left-sided juxtaposition of atrial ap- 
pendages. A and B, injection into the 
superior vena cava, frontal and later- 
al view, respectively. The right atrium 
(RA) and left atrium (LA) are opaci- 
fied. The upper arrows point to the 
left-sided right atrial appendage, dor- 
sally located and cephalad. The 
lower arrow in B is directed to the in- 
completely filled ieft atrial append- 


age 
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cation piotrading.« on hel left upper us of tlie 
"heart showing simultaneous p 





ion of the left atrial appen 
ion of contrast. material nto the right atrium or the 
aA confirmed the diagnosis. - 


















tapositis 








rast injectior air 
left ventricle, because | the clue: lies i in the. opacifi- 
n of the appendage of the left atrium. However, 


ection: into the left ventricle. may be adequate. to 














acificatioti protruded f from the right upper ‘border 


atrial appendage. An additional injection into the 
i eal d the ene atrial append- 


n iv: ‘Shanes PK, Amplatz K et ks Xuxisposiion of the 
appendages. Circulation 47:620-627, 1973 


Becker AE, Becker MJ: Juxtaposition of atrial appendages asso- 











lation 41: 685-686, 1970. 


` pendages: a report of six necropsied. cases. Circulation 42: 157- 
= 163, 1970 ۰ 
|: Dixon Ad: Juxtaposition of 








an be demonstrated by — 
nto any cardiac chamber except 


onstrate the. right-sided juxtaposition if mitral 
sufficiency or some other intracardiac communica- 
permits. visualization of the left atrium. In our © 
igle case of right-sided juxtaposition, a conspicuous. 


the left atrium in the absence of a normally located 
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1 appendages: case of levo- — - : 


: Subclavian Artery 


۱ STEVEN H. DIKMAN, MD E 
"n MERECE BARON, MD, FACC 





"n New Y York, New York. 


p O5 eae variant. of iri s omaly described 3 in an elderly woman Ww 





Right Aortic Arch with Ruptured Aneu rysm of Anomalous Left 


E E UME | Az aneuyen i in 1 the a anomal 


a Bird diverticulum. This diverti 
oo areh 


Pi At age 73 years an .adenoc 

- 7 :-ehest X-ray film at this 

diverticulum (Fig. 2A). D 
~ angina, and ST-T chang 
















left subclavian. artery. developed i 
نس‎ oa aberrant tef o own s 









3 E s i, Artie arch atiomalies Do 
CT have been found wit ۱ 















al. تس‎ 2 In this teport tan 






y V s the. seat ofi an aneurysm that; gra 1 
۱ ل‎ with اه‎ tates i 










a no actuat. pain ¢ or ۳ i ani 
| ا‎ transient hoarsehê ê ` was 













a Vie pe thé presene of a a posteri z 
culum ee the vestige of a left aortic 






Over the ensuing years ‘the atieht had only. minor nonspecific symptom. 

noma of the rectosigmoid was resected. Her. 
led. aneurysmal enlargement of the aortic © 
next year she had symptoms suggestive of © 
the precordial leads indicative of myocardial - 










`. ischemia. She also experienced intermittent hoarseness associated with pa- 


. ralysis of the. right vocal cord. The right radial pulse was stronger than the . 
` left; the blood pressure in the right ; arm was 125/90 and i in the left arm 110/90 


E ۱ mm Hg.. 


d From t the Mount Sinai Hospital and the linis ۱ 
Sinai Schoo! of Medicine of the City. University _ 
of New York, New: York, N. Y. Maree ac- 





2" cepted September 5, 1973. 






2 5th Ave. and 100th St., New York, N. Y. 10029. 


| by vomiting, that came on suddenly. and subsided after 15 to 30 minutes. 
. Neurologic examination was normal except for evidence of an organic mental 

- syndrome. Although the. aneurysm of the aorta was progressively enlarging | 
` (Fig. 2B), resection was not advised because of her mental status. Her sym 
" toms. remained essentially the s same over the next 2 years until she died sud- 
p denly. at home at age aL years. E 


Address for. reprints: Steven H. Dikman, MD, ۱ id 
... Department of Pathology, Mount Sinai Hospital, um 


p. began to have spells of vertigo, sometimes aeconipanied 
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ng rupture. 
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FIGURE 3. Specimen of heart and 
major vessels with aneurysm of aber- 
rant left subclavian artery (see text 
for explanation). A, anterior view. B, 


posterior view. Arrow points to site of 
rupture. A = aneurysm; AA = as- 
cending aorta; AV = aberrant vessel; 
H = heart; LCA = left carotid artery; 
LSA = left subclavian artery; RCA = 
right carotid artery; RDA = right de- 
scending aorta; RSA = right subcia- 
vian artery; VA = vertebral artery. 


Necropsy Findings 

The left pleural cavity contained 1,000 cc of blood. The 
heart weighed 290 g, and all chambers were dilated. The 
valves were normal. The base of the aorta, the ascending 
aorta and the coronary ostia were in normal position. The 
aorta arched over the right main bronchus. and descended 
to the right of the midline until just above the diaphragm, 
where it crossed in front of the vertebral bodies to pass 
through a normal left-sided hiatus in the diaphragm (Fig. 
3A). 

Four major branches emerged from the aortic arch (Fig. 


FIGURE 4. Narrow opening (arrow) into aneurysm (A) 
from aberrant vessel. 
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3, A and B). The left commen carotid artery was the most 
proximal branch and arose from the ascending aorta 6 cm 
from the root and slightly to the left of the midline. A wel 
defined ligamentum arteriosum connected this vessel wit} 
the left pulmonary artery (not shown in accompanying il 
lustrations). Remnants of a right-sided ductus arteriosu: 
were not found. The right common carotid artery originat- 
ed 1.5 cm distal to the left carotid artery. The right subcla. 
vian artery, the third branch of the aortic arch, arose Li 
cm distal to the right common carotid artery and coursec 
over the first rib into the right arm. The right vertebral ar. 
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were all in. their normal locations. "The fourth branch of the 
aortic arch arose from its left posteric 

















8 E] seven DORSAL INTERSEGMENTAL ARTERY 


left common carotid artery; LPA = 
ery; RPA = right pulmonary artery; RS = 





tery, thyrocervical EN and PEA ‘mammary . artery 
a or aspect 2cmdistalto was partially covered by the collapsed. ‘upp 
he pate subclavian: artery, [nen coursed to the left. behind ۱ 


VENTRAL AORTIC ROOT BETWEEN ARCHES IIE & IV 0 0e u 


E // زر‎ mar AORTIC ROOT BETWEEN ARCHES IV & VI - 


c URE 5. Schernatic drawings of anatomy. A, ventral view of Edwards’ hypothetic double arch bun bilateral. ducts arteries ; The. 
and descending aorta are each. depicted in the midline. A diagonal line indicates site of interruption to produce Figure. 50; B, norr 
tion. C, configuration. in. present case with right. aortic arch, aberrant retroesophageal | left subclavian artery showing ruptured aneurysm. A’ liga- 
nenturn arteriosum connects the left common carotid artery to the left pulmonary artery. A=. aneurysm; LA = ligamentum n 
left: pulmonary artery; LS = left. subclavian artery; PT = pulmonary trunk; RCC = right common. carotid ar- 
* right subclavian. artery; V = : vertebral artery; 8, 9 = 8th and Sth dorsal intersegmental arteries. Figure 


BAI modified from Stewart et al.’ courtesy of authors and Charles C Thomas, e dil 





d hio a small (0.8 em) opening Fig. PT and D. The 
aneurysm occupied. the apex of the left thora cavity & 





pui 
lobe. Portions of the wall were severely atherosclerotic and 
partially calcified. The aneurysm was almost completely 
occluded by extensive recent and old thrombi. An irregular 


` 2cm tear was found in an attenuated portion of the poste- 


+ 









mal: e e ۱ 








arteriosum; ‘ECC = 















x. The superior aspect of the aneurysm was fixed to the 
apex of the. parietal pleura by fibrous adhesions. The left 
subclavian artery arose from the aneurysm near its junc- 
-tion with the aberrant aortic vessel (Fig. 3). As the subcla- 
vian artery coursed toward the left arm, it was draped over 

nd partially incorporated into the wall of the aneurysm. 
The lumen 'of the subclavian artery was almost totally 
` obliterated by compression from the aneurysm and by 


. and appeared to be the major vessel: communicating with 
the left subclavian artery distal to the obstruction. 
. The remainder. of the thoracic: and abdominal aorta 






. . major venous syste 
ii within normal limits. 


Discussion. 





EE 2t a d te ight per Where the be role it of the left 
ae arch | coe two ' different: configurations. can result. 





cos Benti yam mirror image e of the normal left arch: This 
no type of right aortic arch is commonly associated with 
tetralogy of Fallot or a persistent truncus arteriosus.? 





In the second type of right aortic arch, a portion of | 


۱ he embryonic left dorsal aorta persists as an aber- 
. rant vessel extending toward the left (Fig. 5C). In 
-.. this situation the left subclavian artery usually arises 
-from remnants of the left dorsal aorta and appears as 












ortic arch is not associated with congenital 
ease and is. almost always’ asymptomatic.? 
ugh the aberrant vessel does indent the posteri- 


ee pae JR, Kinceid ow, Edwards Je: An Atlas of Masculür 
. . Rings and Related. Malformations of- the Aortic Arch System. 
" Springfield, W, -Charles C Thomas, 4 
Hudson REB: Cardiovascular. Pathology, vol 2 Baltimore, Wil- 
liams & Wilkins, 965, p 2088-2092 © 
3. D'Cruz IA, Talot C, Namin EP, et al: Right ‘sided aorta. Part i 
2 Right aortic arch, right و‎ aorta, à and associated anoma- 














rior wall of the: aneurysm (Fig. 3B). Through this opening, 
.. the aneurysm communicated with the large left hemotho- - 


o thrombi near its orifice. The vertebral artery was patent drome: "This. case. documents the ‘natural history 3 


pce ui ed modera us change. The major | branch- 
. es of the desce ding. aorta were normally located. The 


ems. within the thorax and abdomen were left dorsal aorta. Degenerative changes in an int: 


left aortic arch resulted in an aneurysm at this loc: 
` tion. Despite. the the relatively slow development. of 
the lesion, the patient's death was due to rupture. - 


sions of the aortic arch. Because of its posterior posi- © 


most occluded it. Since the narrowing was upstreat 
to the origin of the vertebral artery, the hemodynam 


 clavian artery coursing through the right vertebr: 


such an acquired. subclavian steal may have account- 


: fourth: branch of the adult aortic arch. This type 


ments of Dr. Lotte Strauss and the assistance of Dr. Be 
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or wall of the esophagus, dysphagia usually does: not 
occur because of the mobility of the esophagus. "The 
ductus arteriosus has been described in various loc. 
tions when associated with a right aortic arch.! In oi 
case, the ductus connected the left common carot 
artery with the left pulmonary artery. Since both ve 
sels were in front of the trachea, a vascular ring did 
not result. | 

Aortic aneurysm and subclavian “steal” syi 


an aortic aneurysm. A life. expectancy. of less tha 
years is usually quoted. for these aneurysms.4 How 
ever, a narrow orifice to a saccular aneurysm is ut 
usual. In this case the narrowing may. represent. 
coarctation that arose during the development: of th 


vessel wall or in vestigial remnants of the proxim. 


The location of the aneurysm created a possibl z 
complication not usually encountered with similar le- 








tion and the anomalous origin of the left subclavia 
artery, the aneurysm compressed the vessel and a 


ic basis for the subclavian “steal” was created, a po: 
sible pathway of collateral flow to the distal left sul 


and basilar arteries, and down the left vertebral ar 
tery. Although this mechanism was not documentec 


ed for some of the patient's vertigo and mental, x 
changes. | EE 
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ur cture Anesthesia f for C r Open H Heart Surgery ۱ 
Case | Report ۱ 5 





NOLD M. KATZ, MD, Face A case of surgical repair c of ventricular افا‎ « defect. in a 47 year ‘old 
| ! ` youth, carried out under acupuncture. anesthesia | in the Third Municipal 
| People' s Hospital, Shanghai, People's Re public of China, is described. 
Excellent. relaxation was ol ined and th operation, performed with 





New Y York, New York 









fully carried out. Available. evidence dei ۱۱9۱۲۵۱۵۶ the feasi 

acupuncture anesthesia for. open heart Si gery ‘although dala are not 
` available to provide an indication as to the extent to which this form of 

anesthesia might be suitable in a country such as the United States. 





During a. hl i i the. People’ 8 Republic of China, sponsored 
jointly by the Chinese Medical Association and the U. S. State De- 
partment, I had an opportunity to witness the use of. acupuncture an- 

`. 'esthesia in open heart surgery. The following case report is based on 


E provided to us by the staff of the Third Municipal People's Hospital 
.in Shanghai, where the operation was. performed. In this brief report 






| im School of ! Medicine zt ۳ in 1 the context of my 2 week experience 
na ا‎ told about ای ی‎ e anesthesia Dus my 









ology, epart t" nent: of atr MD, Di ۱ oo ien 
the Mount Sinai School of Medicine of the City. n the onn. of. ۳ ane ini filtrati ing solutions) 1 have 


- University of New. York, Fiffh Ave. and 100th - reported as tag to me without qualifying statements such as “I was 
St. New York, N. Y. 10029. .. —  toldthat...". . | DE ۰ - 








surgical techniques adapted for this form of anesthesia, was s success- TE‏ و 


| my personal observations, and is documented by electrocardiograms 


. I have tried to provide, in so far as possible, a wholly objective de- — . 
-scription of what I saw. Although no attempt is made either to inter- . 
|» -. pret my Observations or to speculate about the mechanisms responsi- = 

. ble for the phenomena that are documented here, I will comment 
bres on Le po that | l was the. victim ۱ an. ۱ claborstely p 





ACUPUNCTURE ANESTHESIA FOR OPEN HEART SURGERY—KATZ 










js Case Report formed. At this time the need for abdominal breathing and ` 
control of diaphragmatic contractions was emphasized. 
A 17 year old youth had a ventricular septal defect as docu- Shortly before operation the patient received 100 mg of 
mented by right heart catheterization. Chest roentgeno- phenobarbital and during the operation an intravenous. 
gram revealed moderate cardiomegaly with large pulmo- infusion containing 50 mg of meperidine (Demerol®) was” 
nary artery and plethoric lungs without evidence of pulmo- given. While in the operating room the patient was con- 
nary hypertension. stantly attended by the senior anesthesiologist, who sat di- 
Three days before surgery the patient was admitted and rectly behind the patient's head. | 
instructed in the experience of acupuncture anesthesia by As we entered the operating room the patient was supine | 
the anesthesiologists. A “dress rehearsal" of the operation on the operating table. After brief preparation eight acu- 
was staged, at which the actual acupuncture was per- puncture needles (Fig. 1) were put into place, four in the’ 






























FIGURE 3. Electrocardiograms taken during acupuncture anesthesia ' 
for repair of ventricular septal defect. A, while the pericardium was 


FIGURE 2. Electrocardiograms taken during acupuncture anesthesia being opened; B, during insertion of the catheter into the superior 
for repair of ventricular septal defect. A, “control,” before insertion vena cava and cannulation of the aorta; C, during insertion of the 
of acupuncture needles; B, at start of insertion of acupuncture nee- catheter into the inferior vena cava; D, during insertion of the vent 
dles; C, at start of the thoracotomy; D, during median sternotomy. into the apex of the left ventricle. 
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left earlobe, two in each wrist. The needles were then rotat- 
ed for 15 minutes by one of a team of three anesthetists, 
the senior anesthesiologist at the patient’s ear, an assistant 
at each wrist. As the patient’s chest was being prepared 
with an antiseptic solution and draped, the patient com- 
municated frequently with the senior anesthesiologist. Be- 
fore the sternotomy each needle was connected to an elec- 
trical stimulator by a stranded copper wire twisted around 
the middle of the brass shank of the needle. Electrical stim- 
ulation, varying in strength and frequency, was given there- 
after. In general, the strength of the electrical stimuli was 
increased when the “irritation to the patient” became more 
severe—for example, when the thorax was entered. 

At the end of the 15 minute induction period the site of 
the median sternotomy incision was infiltrated with dilute 
epinephrine in saline solution to facilitate hemostasis, and 
lidocaine (Xylocaine®) was injected into the sternal notch 
above the manubrium and at the xiphoid cartilage. At this 
time, heart rate increased from 80 (Fig. 2A) to 95 (Fig. 2B) 
beats/min. After a test stroke with the back of a scalpel 
blade, the incision was made in routine fashion except that 
the incision was carried well below the xiphoid and down 
on the anterior abdominal wall where the rectus muscles 
were separated for a distance of 3 to 5 inches exposing the 
retroperitoneal area. During this procedure the patient lay 
with his eyes closed and his teeth held together but not 
tightly clenched. Heart rate increased to approximately 110 
beats/min (Fig. 2C), but after 2 minutes the patient.ap- 
| و‎ S 3 peared to relax and his heart rate decreased to approxi- 
FIGURE 4. Electrocardiograms taken during acupuncture anesthesia' mately 100 beats/min. After the sternotomy incision was 
for repair of ventricular septal defect. A, at the onset of cardiac by- completed the senior anesthesiologist spoke to the patient 


prend pieds occlusion of the venae cavae; C and D, during repair to tell him that the bone saw was to be used. The sternal 





FIGURE 5. Electrocardiograms taken during acupunc- 
ture anesthesia for repair of ventricular septal defect. 
A to C, during cardiopulmonary bypass. These tracings 
represent a sequence taken 5, 10 and 15 minutes, re- 
spectively, after the onset of bypass. D, at the com- 
pletion of the repair, when the heart was coming off 
bypass. 
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„saw, similar in principle to the Sarns saw, was driven 
through the sternum. During the procedure the patient 
opened his eyes and grimaced, his expression seeming to 

. show suffering but not agony. Heart rate increased again to 
approximately 130 beats/min (Fig. 2D). At this time it was 
apparent that the patient’s thorax barely moved; instead, 
abdominal breathing at a respiratory rate of 8 to 10/min 
was evident. A tube was inserted into the right nostril and 

oxygen administered from an anesthesia machine that also 
held nitrous oxide tanks that were closed, as evidenced by 
rotameter floats at the bottom of their tubes. A simple rib 
spreader was used with considerable restraint. After hemo- 
stasis was obtained the pericardium was meticulously pre- 
pared, great care being taken to avoid the pleural reflec- 
tions on either side. When the pericardium was open and 
the heart exposed, the pericardial edges were drawn up by 
individual sutures, brought over the raw edges of the ster- 
nal incision, and sutured by the interrupted silk technique 

_ to the skin edges. In a sense, this marsupialized the pericar- 
dial cavity and drew the heart slightly anteriorly, while vir- 

- tually ensuring that neither pleural space would be entered 

^. in the procedure. The retractor was then put back in place 

-...and was carefully expanded. Approximately one half to two 

. thirds of the cardiac exposure normally employed by the 
Cleveland Clinic team was used throughout most of the 

procedure. Heart rate remained slightly above 100 beats/ 

. min (Fig. 3A) with rare ventricular premature systoles. 

. Blood pressure, as charted, remained steady at 140/80 mm 

. Hg. At this time both arms and the left ear could be seen to 
be gently twitching at a rate of approximately 150/min, 

driven by the electrical stimulator. As the heart was ex- 
posed the patient opened his eyes and looked around. 

.. The patient was heparinized by an injection of heparin 
solution into the right atrium. The arterial line, a curved 
Pilling subclavian artery cannula, was fed into the ascend- 
ing aorta. A left atrial cannula was not used, but the heart 
was put on partial bypass and a left vent was placed at the 
apex of the left ventricle. The heart was now on bypass and 

the umbilical tapes were cinched down on both venae cavae 

to put the heart on total bypass. No effort was made to iso- 
late the aorta. A rather large clamp was used to occlude 
. both the aorta and the pulmonary artery and in this man- 
. mer anoxic arrest was induced. Heart rate became irregular, 
:„ with frequent atrial premature systoles during the cannula- 
. tion of the great vessels (Fig. 3, B and C), and a run of ven- 
© tricular tachycardia occurring during insertion of the vent 
>- into the left ventricle (Fig. 3D). The surgical team was very 
~~ quiet. On the one or two occasions when they expressed a 
little anxiety or annoyance, the patient responded by open- 
ing his eyes, indicating that he had been listening and had 
sensed that the equilibrium of the surgical team was a little 
off. At all times the senior anesthesiologist was in atten- 
dance and constantly encouraged his patient in a soft, well 
modulated voice. 

The large right ventricle was opened with a vertical inci- 
sion after meticulous placement of sutures. The heart was 
now totally decompressed and was soon in mechanical, but 
. not electrical, arrest (Fig. 4). The ventricular septal defect 
was readily identified. It was high within the membranous 
septum and liberally lined with fibrous tissue. There was 
no dextroposition. A cusp of the aorta was seen immediate- 
ly below the defect. 

The defect was closed with interrupted fine silk; the su- 
tures were placed through a strip of pericardium so that 
they were tied down on the narrow strip of pericardium. At 
this time the patient appeared to be calm, almost asleep. 




















ACUPUNCTURE ANESTHESIA FOR OPEN HEART SURGERY—KATZ 


FIGURE 6. Electrocardiograms taken during acupuncture anesthesia - 
for repair of ventricular septal defect. A, after electrical defibrillation; - 
B, when bypass was discontinued; C to E, after removal of the can- 
nulas from the superior vena cava (C, the aorta (D) and the inferior 
vena cava (E). | RS 


His face was pale, his eyes rolled upward from time to time, — 


but at other times his eyes were open and he looked 


straight ahead. Respirations were very shallow, virtually in- - E 
visible, while the patient was on bypass. Twitching of the 
arms and earlobe was no longer apparent. During this time —_ 
the heart rate gradually slowed (Fig. 5, A to C). ۱ 


After the defect was closed, the ventriculotomy incision ee 


was reconstituted. On several occasions during this period, 
the patient appeared to be nauseated (there was no Levine 


tube or gastric decompression). At one point the patient . 


began to retch and the heart literally herniated through the 
incision. Increased electrical current to the acupuncture | 
needles and vocal stimulation brought a quick response 


from the patient, and the nausea appeared to abate. On © 


coming off bypass the patient's heart was in ventricular fi- 
brillation (Fig. 5D). Defibrillation was accomplished with a 
single direct-current shock of 60 watt-sec across the ex- 
posed ventricle. Although the patient had been warned be- 
fore the cardioversion this procedure caused him to wince. 
When asked afterward if he had felt pain, the patient shook 
his head in the negative. After defibrillation the patient re- 


mained in sinus rhythm with oceasional atrial premature - ۳ 


systoles (Fig. 6). The patient’s subsequent course, as relat- 
ed to us later, was uneventful. 
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EDITORIALS | 


ESLIE A. KUHN, MD, FACC 
` New York, New York 


In this issue the Journal is publishing the observa- 
.tions of Dr. Arnold Katz! on the use of acupuncture 
anesthesia during an open heart operation in the Pe- 
-ople's Republic of China. The editorial staff engaged 
^in some debate concerning the advisability of pub- 
‘lishing an article on a technique that has never 
seemed quite rational to most Western cardiologists. 
"Traditionally, the Journal has demanded quantita- 
‘tive measurements when feasible and more than an- 
` ecdotal accounts of procedures before considering the 
. . information of sufficient value for publication and 
- . dissemination to our readers. In a sense, the editors 
ıı. have considered it their responsibility to ensure as 
—'. far as possible that appropriate scientific methodolo- 
gy and rigorously objective observations have been 
"used in reaching rational conclusions. Almost invari- 
ably this policy is buttressed by independent evalua- 
tions by several recognized experts of submitted ma- 
- terial. | 

` - Acupuncture has not successfully undergone such 
` an evaluation, at least Dy Western cardiologists. Nev- 
' ertheless, the editors considered that it would be of 
interest to present the observations of an experi- 
` enced, critical and widely respected investigator on 
the use of acupuncture for cardiac surgery. In this re- 
gard, Katz has demonstrated his usual objectivity 
` and attention to detail in describing the patient's 
-reactions and subjective and electrocardiographic re- 

























lish was not made without misgivings. Acupuncture, 


cal acclaim and has been embraced by many of the ill 
informed, the incurable, the neurotic and the psy- 
.chotic for such a variety of real and imagined ill- 
-nesses that its legitimate use, if any, has naturally be- 
come suspect. Of course, it has also had its share of 
 reasoned analysis by respected observers. Offers of 
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Acupuncture Anesthesia for Open Heart Surgery 


- sponses to acupuncture. Even so, the decision to pub- 


at least in the West, has been surrounded by uncriti- - 


seminars, books, lectures and. demonstrations have 
inundated physicians. Among the conditions that 


some of its advocates have claimed to be materially 


helped or “cured” by acupuncture are headache, di- 
arrhea, bedwetting, swelling, amenorrhea, dysmenor- 
rhea, high blood pressure, gall bladder trouble, cardi- 


ac arrhythmia, impotence, menopause, hemorrhoids, _ 





constipation, liver trouble, kidney trouble, colds, low . 


blood pressure and “many more.” When this melange 


of claims is accompanied by the clutching of the Red 
Book and the mouthing of the current political quo- 
tations in favor, it approaches travesty and yields the 
unacceptable mixture of politics and medicine. 
However, despite an almost automatic rejection by 
physiologically trained and oriented Western cardiol- 
ogists of methods that have dim rationales and are 
promoted by hyperbole, one cannot deny that acu- 
puncture has been used successfully as an anesthetic 


adjuvant during cardiac surgery, as succinctly and 


objectively described by Katz. It therefore behooves 
us to give the technique recognition and to try to ex- 
plain or at least evaluate it. My colleague, Dr. David 
C. C. Stark (clinical professor of anesthesiology, 
Mount Sinai School of Medicine) has studied the 
Katz report and has come to the conclusion that the 
technique does not appear to provide a wholly satis- 
factory form of anesthesia. The instability of the 


pulse rate in response to auditory stimuli and appre- _ 


hension suggest that afferent stimuli are not blocked. 


The psychological trauma associated with the proce- 
dure in a conscious or semiconscious patient needs ما‎ 
be considered. The depression of the respiratory rate 7 
to 8 to 10/min suggests the use of either more meperi- —. 
dine (Demerol®) than indicated in the description or -— 
perhaps a fair degree of hypothermia (body tempera- = 
ture not provided) with attendant analgesia and — 


some cortical depression. - 


It can be supposed t 


hat the lack. of reason abl = T 


physiologic control during acupuncture anesthesia — 


would make Western cardiac surgeons and anesthesi- 
ologists loathe to utilize the method. Certainly, the 
nausea and retching severe enough to dislodge the 
heart would appear sufficiently hazardous to pre- 
clude use of the procedure. The lack of safeguards to 
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invasive and non-traumatic, 
it avoids ionizing radiation 
in the examination of the 
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Picker’s Echoview VIII-D 
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In ultrasonography, intermittent 
ultrasonic signals are sent into the 
body, and their echoes converted 
into signals that are displayed as 
distinctive visual patterns on the 
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Picker Echoview X 
echocardiographic 
unit uses a dynamic 

scan strip chart recorder, 
along with high-resolution 

fiber optic cathode ray tube 
for maximum display of ultra- 
sonographic information 

in cardiology. 







M-mode dynamic echocardiogram shows 
fluttering of aortic valve cusps. Courtesy 
Dr. Fred Winsberg, Montreal General Hospital. 
SSS eS Se LUE ۳ CDOS RR 








PICKER Picker Corporation, 595 Miner Road, Cleveland, OH 44143 


































1. SYSTEMS PHYSIOLOGY 4. THE THEORY OF RATE 
By Samuel A. Talbot «nd Urs Gessner, Department of PROCESSES IN BIOLOGY 
Health of St. Gallen, Switzerland. Shows biomedical en- AND MEDICINE 


gineers and students how the systems-oriented ap- 
proach is taken whea quantitatively analyzing the 
performance of physiological processes, organs, and 
organ systems. Demonstrates the power and limitations 


of the mathematical tools applied to the examples of ing cells and d Ue iE ISI ii modern 
physiological systems, their couplings, and their hierar- thermodynamic and kinetic mechanisms. Provides biolo- 


chical interrelation. 1974 511 pages $27.50 gists with the theoretical basis of rate processes, 
chemists with needed information on biological reac- 


tions, and physicians with an understanding of the mo- 


2. TRANSPORT PHENOMENA lecular and fundamental aspects of medical problems 
AND LIVING SYSTEMS that they treat daily. 1974 703 pages $27.50 


Biomedical Applications of Momentum and Mass Transfer 


By Edwin N. Lightfoot. Jr., University of Wisconsin. Pro- 5. CARDIAC MECHANICS: 
vides a unified view of both biological flow and mass Physiological, Clinical, 


transport processes from a quantitative viewpoint. A á " í 
valuable resource for medically oriented engineers and and Mathematical Considerations 


By Frank H. Johnson, Princeton University, Henry Eyring, 
University of Utah, and Betsy Jones Stover, University 
of North Carolina. Shows the working of undisturbed liv- 


medical scientists interested in the rates of mass trans- Edited by Israel Mirsky, Harvard Medical School, Dhan- 
fer and fluid flow in living organisms. joo N. Ghista, indian Institute of Technology, and Harold 
1974 495 pages $22.50 Sandler, Ames Research Center. An interdisciplinary ap- 
proach to cardiac mechanics that guides readers to a 
more scientific approach to the clinical diagnosis, prog- 

3. TRANSPORT PHENOMENA IN nosis, and therapy of patients with heart disease. 
MEDICINE AND BIOLOGY 1974 490 pages $24.00 


By Marshall Min-Shirg Lih, National Science Founda- 


tion. A stimulating and challenging book on the analysis 6. TRANSPORT PHENOMENA IN 
of biological phenomena and the design of medical THE CARDIOVASCULAR SYSTEM 


apparatus. For biomedical scientists, it introduces the 


physical principles uxderlying physiological processes By Stanloy Middleman, University of Massachusetts, Am- 
and phenomena invciving the transport of mass, mo- herst. Helps biological scientists apply the discipline of 
mentum, and energy. And for engineers and physical transport phenomena to the study of biological phenom- 
scientists, it demonstrates how to apply these transport ena, and indicates to engineers the wide range of prob- 
principles to the biomedical field. lems in the life sciences to which an engineering 
1974 415 pages $29.95 approach can be applied. 1972 299 pages $21.00 
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| Cardio-Dynamics 











Comprehensive Analysis 

of Holter Recordings for 

e Clinical Practice ۰ Research 
۰ Drug Evaluation 


| * Multiphasic Screening 


Your Holter recordings are processed by 
| skilled Cardio-Dynamics analysts using 


the new and unique Dyna-Gram® III Ana- 


| lyzer System. Without having to purchase 


costly scanning equipment, you receive 
fast direct-mail service throughout the 


| USA- including a telephone report of 
| potentially ominous phenomena. 


Cardio-Dynamics exclusive Dyna- 


| Gram? Report gives counts of all ectopics 
| by morphology, along with ECG strip doc- 
| umentation of each morphology. The 
| Dyna-Gram® Report allows you to Sepa- 


rately evaluate early cycle and late cycle 


| ventricular ectopics, as well as any differ- 


ential response to therapy. 
Complete Holter ECG analysis is avail- 


| able for recorded cassettes from Cardio- 


Dynamics new 24-hour Model 5000 


Dyna-Gram* Recorder, or for Avionics 
reel recordings. 


Cardio pynamics 


setting Standards in Holter Electrocardiography 
Cardio-Dynamics Laboratories, Inc. 
9454 Wilshire Blvd., Beverly Hills, Calif. 90212 
Telephone (213) 278-5523 


We'll lend your 
patient an ear... 
and you a hand. 
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Dyna-Gram® ۱۱۱ Analyzer 


d^ I 4| Cardio-Dynamics Laboratories Inc. 
| 8M. à | 9454 Wilshire Boulevard 

L TTT 4 Beverly Hills. Ca¥fornia 90212 
mua (2/3) 278-5523 - Cable: CABDIC 


[C Please send compiete information 


[| | already own a Holter 
recorder 
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Hospital 
Street 
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Cardio Diagnost 
Makes A Great U-Turn. 


Cardiac angiography can be performed by patient transfer system! 
rotating the x-ray beam around the patient — Fora safe, efficient U-turn, especially in 
while he remains comfortably stationary. heavy patient traffic, consider Philips’ Cardio 
What it takes is a perfect U-turn. And a Diagnost. It’s unique in cardiac angiography. 
rotating U-arm. In short, it takes Philips’ Write us for details. 


Cardio Diagnost, designed to let you do 


cardiac angiography more efficiently and PHILIPS MEDICAL SYSTEMS, ING. 


conveniently than ever before. A stationary A NORTH AMERICAN PHILIPS COMPANY 
patient helps make that possible. 710 Bridgeport Avenue, Shelton, Conn. 06484 
So does simple, smoothly effected scanning. 
You can scan close to the chest 
wall in any patient plane — with 
just one hand. In every plane, at 
every turn, Philips' image quality 
is the finest possible. 
The Cardio Diagnost also 
offers a startling improvement 
in patient handling. The 
examination table — actually a 
mobile cart — provides a built-in 


PHILIPS 


& TM N.V. Philips of Holland 
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for clinical bypass 


applications | applications 


e Designed for clinical O.R. e Convenient, handle-ty pe * Use with heart-lung 
or cath lab use probe with positive ٠ machine, artificial kidney 
capture slide 0 or similar systems 


e Easily applied Fandle- 


| € iron core construction 
t obe e Designed for O.R. and تاد‎ 
Ype pr a a ie provides high sensitivity 


@ Patient safety æsured ۱ | and accuracy 
through isolation circuitry € For rapid analysis of e Operates with BLI 


flow through exposed research and clinical 
۶ 0 to opine. .. blood vessels 0 blood ۰5 
minimum controls - direct 


meter readout ^ milliliters | € Use with Biotronex @ Available in sizes to fit 
per minute clinical blood flowmeter mest tubing 
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precision quality control... 
e assured tablet content uniformity’ 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: |f the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance, 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCl = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


OXI n d ۱ g OXI n Burroughs Wellcome Co. 


7 Research Triangle Park 
*Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 
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potass 





solution. 
Kay Ciel Elixir is. 
otassium ehloride... 
astes good too! 





t 


COMPOSITION: Each 15 cc. (one table- 


spoonful) contains potassium chloride 1.5 


Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 496. Contains no sugar. 
INDICATIONS: Treatment o* potassium 
deficiency occurring esrecially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potass:um chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 





of potassium is 





9 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may.cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


um ehloride 





“The drug of choice ۰ 
for oral replacement 








AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


(ope! Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Atrial Septal Defect and Mitral Regurgitation 
New Atrial Pacing Loop 


Last Call for Abstracts: ACC 24th Annual Scientific Session 
Houston, Texas, February 10-13, 1975 
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The patient with 
cardiac arrhythmia 
may need 
medication most 


when he's 
least likely to take it... 


while he's sleeping. 


Quinaglute* Dura-Tabs* (quinidine gluconate) 








* produces sustained serum quinidine levels, thus 
providing a convenient 8 or 12 hour dosage schedule 

e usually insures uninterrupted therapeutic quinidine 
gluconate levels during sleep 

* avoids peaks and valley s in plasma levels during 
which time the arrhy thmias may recur 

e maintains normal sinus rhythm following conversion 
by other techniques 

* well tolerated to enhance patient cooperation — 

few G.I. disturbances 


Quinaglute 





Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 
ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 

Precautions: The precautions to be observed include al! those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered; especially duri Ing the first weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
risk. 

As with all quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 
of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 

As with other quinidine products, Quinaglute Dura-Tabs should not 

be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 
visual fields, mydriasis and respiratory distress). 

Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. If they occur, they may be minimized by admin- 
istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


(GOpenfnboories Inc. 


Wayne, New Jersey 07470 


Dura-Tabs 


(quinidine gluconate) 5 gr. (033 Gm.) 
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We're there with the clinical 
experience you said we needed. 

And we've been there with the 
STARR-EDWARDS™ Cardiac Pacer 
System with the features and improve- 
ments that surgeons and cardiologists 
asked for. 

“A smaller pulse generator” 
We responded with a compact pulse 
generator that's easy to implant, even 
in small, thin patients. 

“Increased longevity” Our 
Model 8114 Ventricular Tracking Pacer 
employs a narrow pulse width to 
conserve energy without sacrificing 
patient safety. 


“A convenient, accurate and 
inexpensive method of patient 
follow-up”. Our Electronic Analysis 
System provides a practical means to 
monitor pulse generator function by 
telephone, and to identify pulse 
generator end-of-life for elective 
replacement only when warranted. 
Data transmitters are simple to 
Operate, and are provided at no charge 
with each pulse generator. 

“Lead connectors for quick 
attachment”: Our exclusive electrode 
attachment allows lead connection in 
seconds; implantation time is mini- 


mized; safe, secure coupling is assured. 


“More accurate threshold 
determinations”. We offer a unique 
Threshold Analyzer which allows you 
to determine the patient's stimulation 
threshold with the actual pulse 
generator to be implanted. 

For additional information 
contact Edwards Laboratories, 

17221 Red Hill Avenue, PO. Box 11150 
Santa Ana, CA 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567. 


CI EDWARDS 
= LABORATORIES 


® 
Division of American Hospital Supply Corp. 


See us in Booths 121 & 123, 60th American College of Surgeons Clinical Congress, Oct. 21-25, Miami Beach 








ANXIETY OR STABLE ANGINA PECTORIS? 


DIFFERENTIAL DIAGNOSIS OF ANXIETY 
AND STABLE ANGINA PECTORIS 


PARAMETERS | STABLE ANGINA PECTORIS 


ANXIETY 






























over left over sternum, 
chest or often spread- 
variable ing across 
LOCATION the chest 
OF 

PAIN 
enerall to either or 
ap y both arms, 
neck, or jaw, 
or any 
RADIATION combination 
OF thereof 

PAIN 
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from less Tn, usually sub- 
than one « sides within 
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several hours DURATION minutes 
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harp, stabbing pain 
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or dull discomfort 
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nitrates 


FACTORS 
GIVING = 


RELIEF ۳ 





normal, or a 


postexercise 
functions ELECTRO. robes 
depression CARDIOGRAM transient 
of S-T segment S-T segment 


as seen in many 
healthy persons and not . 
significant of coronary disease 


depression 
(flat or downsloping), 
disappearing with relief of pain 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS* .. 


۰ provide prophylaxis 
against anginal 
attacks often caused 
by unavoidable 
everyday stress 


reduce the severity 
and frequency of 
angina pectoris attacks 


ISORDIL 


(ISOSORBIDE DINITRATE) 


SCORED, ORAL TABLETS: 5 mg. and 10 mg. 


* Indications: Based on a review of this dru 
by the National Academy of Sciences—Nationa 
Research Council and/or other information, 
FDA has classified the indication as follows: 
“Possibly” effective: When taken by the oral 
route, Isordil is indicated for the relief of an- 
gina pectoris (pain of coronary artery disease). 
It is not intended to abort the acute anginal 
episode, but is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 
Final classification of the less-than-effective 
indications requires further investigation. 










Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC 


685 Third Avenue, New York, N.Y. 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 
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Complete lipid work-up should include — . (Photographs professionally posed.) 
both cholesterol and triglyceride determinations 


Testing for both lipids—rather than just for cholesterol alone—increases ۱ 
the chances of detecting hyperlipidemia from 60% to over 95% .? 
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Presence of lipid deposits may demonstrate premature cornealar- Lab results indicate pattern 

a diagnostic clue cus senilis. Cholesterol may be deposited of lipid abnormality 

Although clinical manifestations of NEES US and appear as tiny xanthoma- Electrophoretic analysis of the specific 
hyperlipidemia per s2 are relatively un- tous eruptions on the palm PEAS tuberous lipoprotein pattern is essential to a 
common, severe cases often can be xanthomas on the extremities. determination of the type of lipid abnor- 
detected by careful observation. Eyelids mality and selection of proper dietary 
may evidence xanthelasmas. Corneas management. 









AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or lipid levels has a detrimental, 
beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coronary heart disease. Several years will be required before current 


investigations will yield an answer to this question. 






orand vigorously treat: 


“Along with early, hypertension, exces- 
sive cigarette smoking and dietary 
indiscretions, it is one of the few mani- 
festations of modern society that an 
individual physician can attempt to 
control." 

This is how one clinician views hyper- 
lipidemia—a condition widespread in 
America today. 





-— 


Explaining importance of 
lowering elevated lipid levels 
key to patient compliance 


In recognition of the alarmingly high 
incidence of hyperlipidemia, many phy- 
sicians now routinely screen patients 

for elevations of cholesterol and/or tri- 
glycerides. Evaluation of both lipids is 
recommended by authorities as essential 
for diagnostic accuracy. Of every 10 
patients with hyperlipidemia, only 6 may 
be detected by measuring cholesterol 
alone.? But more than 9 out of 10 may be 
detected by measuring both cholesterol 
and triglycerides.? 

Based on this dramatic difference in 
detection rates, Fredrickson and asso- 
ciates? conclude: ^... no clearer argu- 
ment need be presented for the use of 
both a cholesterol and a triglyceride 
determination." 


Hyperlipidemia/At 


When initial determinations of fast- 
ing serum cholesterol and triglyceride 
levels indicate the presence of hyperlipi- 
demia, the pattern of the lipid abnor- 
mality should also be determined.? 
Hyperlipidemia may be confirmed by 
subsequent cholesterol and triglyceride 
determinations.* 

If persistent lipid elevations are dem- 
onstrated, the next step is to rule out 
(through history, physical examination, 
and appropriate laboratory tests) under- 
lying disease states that may be involved. 

Effective treatment of these patho- 
logic conditions, which include insulin- 
dependent diabetes mellitus, myxedema, 
nephrosis and dysglobulinemias,5 often 
will return the elevated lipids to a nor- 
mal range. 





Therapy begins—but does not 
necessarily end- with specific 
dietary recommendations 
Screening of other family members may 
be useful in confirming the diagnosis of 
one of the known familial types of pri- 
mary hyperlipidemia as well as in un- 
covering a new case, especially in young 
relatives.? 

Diet (specific for the lipid abnormal- 
ity) is the starting point in the manage- 
ment of primary hyperlipidemia. In one 
form of the condition (the relatively 
rare Type I hyperlipoproteinemia), diet 


(clofibrate) 





romid-S 
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is the only therapy since currently avail- 
able drugs are ineffective. But in the 
drug-responsive forms (Types IIa, IIb, 
III, IV, and V) diet alone may fail to 
bring about the required lipid reduction. 
Convincing the asymptomatic hyper- 
lipidemic patient to give up his favorite 
foods for benefits he cannot feel is, at 
best, a difficult task. Even under care- 
fully monitored dietary regimens, lipid 
lowering may be inadequate.* 
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Drugs are often necessary 
as an adjunct to diet 


For these reasons, it is often necessary to 
add an antilipidemic agent to the dietary 
regimen to produce a significant reduc- 
tion in serum lipids. And since many 
hyperlipidemic patients exhibit eleva- 
tions of cholesterol and triglycerides, 
they need a drug such as ArRoMrD-S ۰ 
(clofibrate), which has the ability to 
lower both lipids. 

The real problem a physician faces in 
treating hyperlipidemia lies in motivat- 
ing asymptomatic patients to follow the 
prescribed regimen—whether diet alone 
or diet plus drug—as conscientiously as 
they should for as long as they should. 

And this means that the patient must 
be made to understand why it is impor- 
tant for his lipid levels to be lowered. If 


, that is done convincingly, it can play a 


major rolein ultimate therapeutic success. 


See last page of advertisement for prescribing information. 
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Brand of 


clofibrate 
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_tohelp control the lipid factor 


RESPONSE OF SERUM CHOLESTEROL AND TRIGLYCERIDES TO CLOFIBRATE THERAPY ® 
(34 diet-resistant hyperlipidemic patients treated 6 months to 3 years) 


5 Patients 


(mg.%) 375 
350 


325 
> 1 3 

















6 Months 


CHOLESTEROL 


1 Patient 





6 Patients 9 Patients 





1 Year 11⁄2 Years 2 Years 
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2 Patients 11 Patients 





2125 Years 3 Years 





Atromid-S significantly reduces cholesterol and triglycerides 


even in diet-resistant patients" 


ArROoMID-S (clofibrate) as an adjunct to 
diet has a proven record of effectiveness 
in lowering serum elevations of both 
cholesterol and triglycerides. 
Cholesterol leve s above 250 mg.% 
have decreased as much as 3596, and re- 
ductions up to 5096 havebeen reported.6-? 
Triglyceride levels above 150 mg.% have 
decreased as much as 6196, and reduc- 
tions up to 90% have been reported.5? 
Although most ayperlipidemic pa- 
tients are asymptomatic, a small number 
may exhibit skin lesions or xanthomas. 
Regression of xan-homatous lesions with 


Atromip-S visually demonstrates the 
efficacy of this lipid-lowering agent. In 
some patients xanthomas disappear com- 
pletely. In others the size and number of 
lesions are reduced. 

Reliable cholesterol- and triglyceride- 
lowering effect is sustained as long as 
ATROMID-S treatment is uninterrupted. 
This ability to maintain control of serum 
lipids for extended periods is of primary 
importance in treating a disorder as 
persistent as hyperlipidemia. 

ATROMID-S is effective in a simple, 
well-accepted regimen that patients can 


Adapted from Gelfand and Garber Exhibit.‘ 


stay with. Initial and maintenance dos- 
age is 2 Gm. daily, in divided doses. Some 
patients may respond to a lower dosage. 
To maintain continuous control of lipid 
levels, therapy should be uninterrupted. 
The lipid-lowering effect of ATRom1D-S 
(clofibrate) is usually noted during the 
first month of therapy. The higher the ini- 
tial level, the greater the lipid reduction. 
If response is inadequate after three 
months of therapy, the drug should be . 
discontinued. However, if xanthoma 
tuberosum is present, treatment should 
continue for longer periods (even up to 


in your patient's profile 


one year) provided there is a reduction 
in the size and/or number of the 
xanthomas. 

Throughout more than ten years of 
widespread use, Atromip-S has proven 
to bea very well-tolerated drug. How- 
ever, before prescribing, you should be 
thoroughly familiar with the possible 
adverse reactions as well as with the 
precautions and warnings described on 
the last page of this advertisement. 

Once blood lipids have been stabilized 
at normal levels on a regimen of diet 
and Atromip-S, the patient should be 
examined and his blood lipids tested 
every twoto three months during the first 
year or so. If stabilization is maintained 
over this period, the intervals between 
visits and testing can be lengthened. 
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Good physician-patient 
rapport is needed to keep the 
patient motivated 


The patient’s greatest need over the 
long haul of therapy is for reassurance 
that he is continuing to make progress.1 
A good physician-patient relationship is 
therefore essential to the continued suc- 
cess of the treatment program. 


Continuous treatment, 
maintenance of daily dosage 
vital for long term lipid control 


Importance of uninterrupted therapy 
shown in responses of 3 patients to 
cessation and reinstitution of clofibrate® 
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Adapted from Gelfand and Garber Exhibit. 
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Periodic follow-up i 
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IF GIVEN IN CONJUNCTION WITH 
ANTICOAGULANTS 

WARNING: CAUTION SHOULD BE EXER- 
CISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. 
THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE- 
HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN 
TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFI- 
NITELY DETERMINED THAT THE PRO- 
THROMBIN LEVEL HAS BEEN STABILIZED. 





See following page of advertisement for prescribing information. 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias oe eal 
Both swelling and phlebitis at site of xanthomas. 
Dermatologic pet 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea TL a 
Gastrointestinal upset (bloating, flatulence, abdominal distress) ^. .— 
Hepatomegaly (not associated with hepatotoxicity) - Uo c quum o 
Vomiting l 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido Gee yeh sade ee 
Findings consistent with renal dysfunction as evidenced: by dysuria, he 
turia, proteinuria, decreased urine output. One patient's. renal bi 
gested "allergic reaction," PUR ip us e 
Hematologic 
Leukopenia i 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal _ 
Myalgia (muscle cramping, aching, weakness) 
“Fiu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings l ۱ ۱ i ae 
Abnormal liver function tests as evidenced by increased transamin 
(SGOT and SGPT), BSP retention, and increased thymol turbidity l 
Proteinuria 
increased creatine phosphokinase At 
Reported adverse reactions whose direct relationship with the drug has not. 
been established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthr 
ic lupus erythematosus, blurred 


dosage is Z Gm, daily, in divided doses. Some patients 


formation, see package circular.) 


tion o? elevated serum lipids 
is incicated as adjunctive therapy to diet and 
ction cf elevated serum cholesterol (especially the 
tion) and/or triglycerides. Clofibrate appears to have a 
nt effect on the very low density lipoproteins (Sr 20-400) 
‘ides than the lew density lipoproteins (Se 0-20) rich in 


icated for treatment of patients with xanthoma tuberosum 
lipidemia. The skin lesions frequently regress with 


ablished whether the drug-induced lowering of serum 
els has a detrimental, beneficial, or no effect on the 

e to.atlerosclérosis or coronary heart disease. Sev- 
‘before current investigations will yield an answer 


fibrate is contraindicated in pregnant women. 
ret demonstrated any effect attributable to 
m: of the rabbit fetus accumulates a higher 
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ed in patients with primary biliary cirrhosis since it may 
ted cholesterol in these cases. 


10 . EXERCISED. WHEN ANTICOAGU- 


tis, tremors, increased perspiration, systemic 
vision, gynecomastia, thrombocytopenic purpura. CE MC 
DOSAGE AND ADMINISTRATION: Initial: The recommended dosage: for 
aduits is 2 Gm. daily, in divided doses. Some patients may respond to a k 
dosage. Maintenance: Same as for initial dosage. Noter: dldren, 

studies have been done to show safety and efficacy. > el 
DRUG INTERACTIONS: Caution should be exer 
are given in conjunction with Atromip-S ‘(clofibrate 


MBIN LEVEL HAS BEEN STABILIZED. | 
| procedures rust be exercised by women of childbearing 
"who plan t» become pregnant, clofibrate should be with- 
& before conception. Because of the possibility of preg- 
espite birth coatrol precautions in patients taking clofibrate, 


anticoagulants. 


efits of the drug to the patient must be weighed against pos- 
the fetus. - . d 
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CLINICAL | STUDIES 
Significance of. First Degree Heart Block (Prolonged P-R Inter- 
^val) in Bifascicular Block. Rafael Levites. and Jacob |. Haft 


265 Appraisal of Sinus Nodal Recovery Time in Patients with Sick 
^. Sinus Syndrome. Prem K. Gupta, Edgar Lichstein, Kul D. Chadda 


*. and Elias Badui 


1 Left Ventricular Blood Flow Velocity Duis. Atrial از‎ 
ain Man. Alberto Benchimol, Kenneth B. Desser, Ting Fu Wang 


and Kyoshi Mori — 


Cinefluorographic Study of the Aortic Bal-cage Prosthetic 
Valve. Phonocardiographic,. Hemodynamic and Angiographic | 


Correlates. Robert |. Hamby, Richard L. Lee, Agop Aintablian, B. 
۱ George. Wisoff and Marvin: L. Hartstein | - 


. Relative Ventilation and Perfusion of Left Versus Right Lung in 


| : Mh tenosis. Arthur ' Dawson, Jose M. Rocamora and Jacob R. 


s 1 atic منت امه ام یز‎ Dynamics in 


‘Chronic. Autonomic Insufficiency. M. Mohsen. Ibrahim, Robert C. 
7۵722 Harriet P. Dustan and Emmanuel L. Bravo — ۱ 
5. Progression of Coronary Artery Disease. Cinearteriographic and 

^ Clinical Observations in Medically and. Surgically Treated Pa- _ 

- tients. Jermiahou Ben-Zvi, Frank J. Hildner, Roger P. Javier, Arieh - 


B “Fester and. Philip Samet 


` EXPERIMENTAL STUDIES 


2o Surface Potential Contribution from Discrete Elements of Ven- 


o tricular Wall. A Closed Chest, Postmortem-Documented Pro- 


spective Study. Victor W. McLaughlin, Nancy C. Flowers, Leo G. 
Horan. and Horace A. W. Killam ۱ 


for Sy. of Mobitz Type | i and Paroxysmal‏ دسا 


Ne Stable Temporary Atrial | Pacing TE Stephen C. Berens, 
lexander Kolin, Rex N. MacAlpin and Max \ W. Lenz 


PEDIATRIC | CARDIOLOGY - 


trial Septal Defect (Secundum) Associated with Mitral Regur- 
gitation. Kieran M. ‘Hynes, Robert L. Frye, Robert. O. Branden- 
ica pow i "MeGoon, Jack E Titus. an Emilio, R. Giuliani 


; Cardiology y ic Simulat 


Manikin to Teach ev»; rdiovàs 


| ene Anthony: N. us 
Robert Zels- and Dean B 
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ton Tavel . 


CASE. REPORTS | 


Death Caused by fractura: ot Beali Mitral P 
a Case. Herman Gold and Lee liso 


Gordon F. Vawier, (Roy É. Vos Tou jio 
pito and Richard Van ۱۳۳۵۵ fe, ود‎ d 


SPECIAL. DEPARTMENTS - 


E Letters to the. Editor. = E 
۱ Dextrocardia: Classify It AS t t Realy Is—Van "Pra aag 


Reviews in Cardiology 


Book Reviews | 


k American College of cardiology News bcm 





















Impaired cardiac status...straining at 
stool may be hazardous... 


Restricted physical activity... often, 
major changes in customary daily 
routine...constipating medications... 


SENOKOT Tablets or Granules, taken at 
bedtime, generally induce effective, yet 
comfortable evacuation ir the morning 
... help avoid straining. 


Supplied: SENOKOT Tablets (small, 
easy-to-swallow) — Bottles of 50 and 100. 
SENOKOT Granules (delicious, cocoa- 
flavored) —4, 8 and 16 ource (1 Ib.) canisters. 


(standardized senna concentrate) 
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Analysis of His bundié scords of 63 patients with bifascicülaf blick and. review of (hà pi 
vealed a normal. H-V interval | in a significant. number of. such: patients. in the presence of first 
lock. In patients with right bundle branch block and left: axis deviation a prolonged P-R interv 
normality of the H-V in rval, although 30 percent will have a normal “H-V interval an H-V i 
e predicted i in. individual patients. His bundle electrography i is nace ey for an 3 ۱ urata agnosis: 
Aes lar block i in individual pationts regardless of the P-R interval. | ۱ eo 


Appraisal of Sinus Nodal | Recovery Time | in Patients with Sick k Sinus syndrome 
7 PREM. K. GUPTA, EDGAR LICHSTEIN, KUL D.. CHADDA and ELIAS BADUI 


ee The corrected sinus recovery. time: détérminéd by a right atrial: pacing technique. was 0 
a longed i in 6 patients with: the sick sinus. syndrome, indicating only a limited number of patients wit 
 .have an abnormal corrected : sinus recovery time. The phenomenon of overdrive Suppression of 
۳ does not occur in all patients. Some patients. with. a normal control recovery time may show i an 
«d sponse when atrial pacing is. repeated after administration of atropine. The appearance of unct 
۳ after administration of atropine | alsa: > suggests abnormal sinus nodal function. 5 


Left t Ventricular E Blood Flow , Velocity During + Atrial Arrhythmias i in Man 


fiv ehtrioular d blood f flow V velocity m measured io the Döppier u ultrasonic. flowmeter c catheter teier 
3 as reduced by prematire atrial ] depolarizations: in direct relation to vies respective cc 


۱ i graphic Study of the A Aortic c Ball-Cage Prosthetic Valve. Phonoe irdiogr p 
i aphic Correlates XN 8 





Now available to every physician... an advanced 
ECG system for post Mi follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 

Model 425 Holter Monitor 


Provides a 2-channel, 24-hour ECG recording. of 
ambulatory patients. 


^ Total heart E zouni Model 660 Electrocardioscanner? | 
* Digital display clock. Performs a 12-minute scan of the 24-hour, 2-chan- 
یچ‎ S dela gren out on ECG write- out nel tape recording and provides standard ECG 
documentation of abnormalities and quantification: 

of arrhythmia and ischemic data. 


۰ ا‎ display و‎ ada cota of 
ventricular and supraventricular ectopic beats 


[] Please send me the literature. | would like to know more. o about Holter monito 
and the Avionics Dynamic Electrocardiographic Systems. ` ۱ x 


E Send the literature, and schedule me for a visiting demonstration. tam definitely 
interested in acquiring this kind of equipment. dil Loses 
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tral Stenosis 
pe ARTHUR Dawson, JOSE M.  ROCAMORA. and JACOB R _ MORGAN ۱ 


d Es Using: a ‘radioactive x xenon method, ‘these investigators foam a | significantly lower relative ventilation 
ratio of the left lung, mainly due to relative hypoventilation, in 15 seated patients with mitral stenos 
2.5 e normal subjects, anda significant. negative correlation. between the -ventilation/perfusion ratio f 

ol and pulmonary intravascular presses in » 10 supine patients. There was little Aifferenica between la 
yes sion of f the two lungs. : ^ DA EE 


88. ‘Idiopathic Orthostatic Hypotension: Circulatory Dynamics in Chronic Autonomic Insufficien 
3 M. MOHSEN IBRAHIM, ROBERT e TARAZI, HARRIET P. DUSTAN and EMMANUEL | E .BR 


| Abnotinal cardiac pértormandé à in | eight patients with. idiopathic orthostatic hypotension : sec 
P adrenergic dysfunction. included: lower. cardiac output, faster heart rate, smaller. stro 
„. “` of left ventricular ejection. Although failure of peripheral resistance is the basic mechanis 
۱ ۱ و‎ static hypotension, impaire: cardiac i function possibly related to cardiac c denervation 1 n may; cont ibt 
PP Suetatory adjustments i in this disease. : (C e uite 


95 2 i Progiselón. of Grenn. Artery Disease. . Cinearteriographic a and d Clinical | Observations i in n Med : all: 
‘Surgically Treated Patients —. NE. 


| JERMIAHOU BEN-ZVI, FRANK d HLDNER, ROGER P. JAVIER, AREH FESTER h ane | PHILIP. Sj 


UE Coronary cinearteriographic findings in repeated catheterizations. of. 85 patients. with c 
sm showed progressive occlusive disease in 56: percent of 16 medically treated. patients and proxima 
و‎ distally grafted. vessel with. a patent graft. in 17 percent of 65 patients who underwen: ao 
* nous vein. graft bypass surgery. Progressive. disease in. nongrafted. coronary. arteries. was f 
۱ the surgically treated. group. Progression of occlusive Seton aid. disease was associated vil 
i deterioration of cardiac function. ۱ ۱ Se ae 


۱ ‘Surface P Potential Contribution from Discrete Elements of f Ventricular ۷ Wall. A Closed Chest 
Postmortem-Documented Prospective Study | m 


pu 8 w. MCLAUGHLIN, NANCY ro FLOWERS, LEO G. HORAN and HORACE A. W. KI 


= : ` Serial maps of isopotentiat distribution. recorded ! before and after experimental myo ardi 
E were: used to obtain maps of. “lost” potential distribution. The "difference" technique aly 
Sed ee and location of the lesion even when they were undetected by conventional MEE ind scale 





Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Ca's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalac uronate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paro«ysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibration; established 
atrial fibrillation when therepy is appropriate; 
paroxysmal ventricular tachyeardia when not as- 
sociated with complete heart-lock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CON RAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by Ye to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


(COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7356 138274 
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ES ercise the mesenteric vasodilation was abolished d along with the drastic reduction of blood f tow to! 
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5 New: Stable Temporary A Atrial i Pacing L Loop n | ES 
۱  STEPHEN. c. BERENS, ALEXANDER KOLIN, REX N. MacALPIN and MAX. w LENZ 


2 A \sop-mouinted: electrode structure. was $ used ‘euccesetull’ as é a temporary right atrial pen * 
» tients. This e e stability of electrode position and can be ensi. performed. 


ime: CARDIOLOGY - 


5 Atrial $ Septal Defect ( Secundum) A Associated with Mitral Regurgitation ۳ x = 
-KIERAN M. HYNES, ROBERT L. FRYE, ROBERT O. BRANDENBURG, DWIGHT e. 0۷ ۱ 
cud JACK ES TITUS and EMILIO. R. GIULIANI E 


| 2 ۰ ۱ ‘Mitral regurgitation was i dlagnosed à in 16 percent (46 patients) of all patients with a ‘enous ria $ 
۱ ^. who were operated. on during a 13 year. period at the Mayo Clinic. Most patients have. iid mi 
= een r ted hg F no valve e or rat most sore a or minor valve oar Patients ; a 


separ 
overactivity of the ight 2 and left ventricles. 


Preferential Shunting of Venous Return fı from Normally Connected | Len Pulmonary Veins i in Se‏ ` ووو 
iy -Atrial Defect - | ۱ a e^ e quii‏ 
cn RICHARD. E. HAWKER, ROBERT | M. FREEDOM and L JEROME KROVETZ‏ 
venous shunting from: the he left ۷‏ ود Standard indicator-dilution. ‘techniques: demonstiaisa‏ .. 
ss - pulmonary veins in. six. patients with. Secundum atrial septal defect and normal. pulmon: |‏ 
oe prominent posterior margin and a ‘septal defect of considerable size explained. best th preferential‏ 
-deft pulmonary. venous blood in one patient. Although. the demonstration of such. prefe ontial le‏ 


E. u warrants. a careful search for anomalous left pulmonary veins, this phenomenon i is con istent wi a 
P ca ed secundum n atrial septal defect. Cc T as 


: | REPORTS | ON THERAPY. 


in of Lidocaine Resistance in Man Using Intermittent Large-Dose. Infusion n Techniques 
1 L. ‘ALDERMAN, RICHARD E KERBER and DONALD. e HARRISON - | 





dt would be ideal if you could 
confine all cardiac arrest cases to the 
‘Coronary Care Unit... where they could 
be treated immediately. Th» trouble is, 
they can and do happen anywhere in 
the hospital. 

One solution is a crash cart for 
every floor... manned by a special team 
trained to respond instantly to cardiac 
emergencies on their floor, and outfitted 
with the necessary emergency equip- 


ment, including a LIFEPAK portable, 
defibrillator/cardioscope from Physio- 
Control. 

LIFEPAKS offer a wide range of 
features, from Quik-Look? (instan- 
taneous ECG trace through the de- 
fibrilator paddies), to optional built-in 
recorders, to modulators for transmitting 
ECG signals by radio or telephone. 
Many of LIFEPAK's features were indus- 
try “firsts” developed by Physio-Con- 


trol, the world’s leading manufacturer 
of defibrillators. 

For complete details, write for our 
new full-color-illustrated, 24-page bro- 
chure: Physio-Control Corporation, 
11811 Willows Road, Redmond, Wash. 
98052. Phone (206) 883-1181. 

Cable: Physio-Red. Telex: 32-0166. 


Physio-Control 


* . 





BR n more and better trained ون‎ n less time o add at less er and also rote an. bje tiv 
i ZA clinical competency of ghysicians.a and students. bx D. forix e i 


| DIAGNOSTIC SHELF 


n" ۳ In this fifth. reported c case of F'aoricitióimonaly. septal dalect's and interrupted d agile arch he. artë 

| 7 ‘troduced through the femoral artery. first passed. through the patent ductus arteriosus a ther 

SANA ۲ ticopuimonary septal defect into. th e e aorta, Peur missing the interrupted aortic arch toun 
eT Quid of : a id week old male. infant. ca 


cu T a ` JAMES F. KING, ANTHONY | N. N, Deana. RICHARD R. MILLER, GENERAL k. pr 
E ROBERT ZELIS and DEAN T. MASON 


- ‘Data in. three patients: with idiopathic hypertrophic subaortic. stenosis demonstr. tha! 
..  sessment of obstruction may substantially overestimate the hemodynamic severity o 
es ۳ subjects. marked forward displacement of the: anterior papillary muscle. caused the 
ae ae, v duce greater tension on the. posteromedial aspect of the. anterior mitral valve, pulling : e 
vo the. leaflet forward more than its anterior side and "od marked E forward anterior 
E without a pressure gradient. ۱ EE 


spo sound diminished after treatment of the failure. At postmortem aon mitral = was anatc 
: ; mal and there \ was no 0 pericardial disease or cardiac tumor. o a ۱ 


| CASE REPORTS | 


"Death Caused by Fracture of f Beall Mitral Prosthesis. Report o of a Case. 
Bas! m | HERMAN € GOLD and LEE HERTZ 
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| SPECIAL | DEPARTMENTS De 


Y ‘Letters t to the Editor : 


: a ۱ Dextrocardia: Classify t are ty ls—Van Praagh et al 


31 | Reviews in Cardiology - 


Book Reviews 


nerican College of Cardiology News 


` CORRE RECTION : 
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In organic disorders — | — 
complicated by psychic tension, oral 
e a beneficial adjunct |. — — 
ospitalization, psychic tension and anxiety 


ulate the cardiac patient, interfere 
st and died burden the organicall 


en individ- 


bid. to ai 






























Five to ten minutes prior ۱ el oe 
: Sto 15 mg injected I. 





minute). can effectively c 
| Injectable Valium also ۱ 


anxiety. 
` advantage inishing recall of t 

















. Valium LV. should be injected slowly; do not use sma 













Prior to cardiovascula = 
-counseled and reassured, strange surr 





e acu e an 


€ listurbing procedures may produce acut 















lease consult complete product infor- 
sion ard anxiety states; somatic complaints 
ts o* emotional factors; psychoneurotic 
ansion, anxiety, apprehension, fatigue, de- 
r agitation; symptomatic relief of acute agi- 
pending or acute delirium tremens and halluci- 
e alcohol withdrawal; adjunctively in: relief of 
pasm due to reflex spasm to local pathology; 
by upper motor neuron disorders; athetosis; 
Oral farm may be used adjunctively in con- 
not as sole therapy. Injectable form may 
at ively ir: status epilepticus; severe recurrent 
nus; anxiety, tension or acute stress reactions prior 
surgical procedures; cardioversion. 
jns: Use of Injectable in infants and Tablets 
ionths of age; known hypersensitivity to drug; 
laucoma; may be used in patients with open 
are receiving appropriate therapy. 
with most CNS-acting drugs, caution patients 
occupations requiring complete mental alert- 
۱۵ machinery, driving). Advise patients against 
estion of alcohol and other CNS depressants. 
toms (similar to those with ba rbiturates and al- 
urred following abrupt discontinuance (convul- 
r, abdominal and muscle cramps, vomiting and 
eep addiction-prone individuals (drug addicts or 
der careful surveillance because of their predispo- 
0: uation and dependence. Use of any drug in preg- 
1ursing women or i1 women of childbearing potential re- 
t expected. benefit be weighed against possible hazard. 
ot of value in treatment of psychotic patients; should 
eu of appropriate treatment. When using oral 
.convu sive disorders, possibility of increase 
“severity of grand mal seizures may require 
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arrest; resuscitative facilities should be available. 


th narcotic enalgesic, eliminate or reduce narcotic 
Y3 and administer in small increments. Not rec- 
< OB use until additional information is available. 
administered to patients in shock, coma or in acute 
oxication with. depression of vital signs. 
ions: If comb ned with other psychotropics or anti- 
:arefully consider individual pharmacologic effects 
with known compounds which may potentiate ac- 
(diazepam), such as phenothiazines, narcotics, 
nhibitcrs and other antidepressants. Protec- 
e: icated in highly anxious patients with accom- 
ssion: 
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ions 



















impa red hepatic function; avoid accumula- 
ompromised kidney function. Limit oral dos- 













y as needed or tolerated). 


nausea, changes in salivation, skin rash, slurred speech, tremor, 
- urinary retention, 


who may have suicidal tendencies. Observe © 


ive amount in elderly and debilitated to pre- ۰ 
tion (initially 2 to 215 mg once or twice © 


۱ gospasm and increased cough reflex are . 
eroral endoscopic procedures; use topical anes. 900 
jecessarv countermeasures available; hypoten- .. ages 
eakness possible, particularly when used with < 


headache, hypotension, incontinence, jaundice, changes in libid 


vertigo and blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucinations, . 
increased muscle spasticity, insomnia, rage, sleep disturbances — 
and stimulation have been reported; should these occur, use of . 
the drug should be discontinued. = e 

Because of isolated reports of neutropenia and jaundice, .. 
periodic blood counts and liver function tests are advisable dur- 
ing long-term therapy. Minor changes in EEG patterns, usually 7 
low-voltage fast activity, have been observed in patients during ^ ~ 
and after Valium (diazepam) therapy and are of no known . . 
significance. ۱ EES 

INJECTABLE: Venous thrombosis and phlebitis at injection  . 
site, hypoactivity, Syncope, bradycardia, cardiovascular collapse, — 
nystagmus, urticaria, hiccups, neutropenia. _ PM dw 

In peroral endoscopic procedures, coughing, depressed res’ - 3 
piration, dyspnea, hyperventilation, laryngospasm and pain in- 
throat or chest have been reported. eee es ee E 

Dosage: Individualized for maximum beneficial effect. 

oRAL—Adults: Tension, anxiety and psychoneurotic states, — 
2 to 10 mg b.i.d. to q.i.d.; acute alcohol withdrawal, 10 meg tid. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d..as needed 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.;- 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to. q.i.d 
Geriatric or debilitated patients: 2 to 21^ mg 1 or 2 times dally 
initially, increasing as needed and tolerated. (See Precautions.) - 
Children: 1 to 212 mg t.i.d. or q.i.d. initially, increasing as needed ~ 
and tolerated (not for use under 6 months). a Cs tae pU 

INJECTABLE: Usual initial adult dose is 2 to 20 mgLM.ort.V., ^ 
depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection. 
may be repeated within 1 hour, although interval of 3:10 4 hour 
is usually satisfactory. Lower doses (usually 2 to 5 mg) with slo 
dosage increase for elderly or debilitated patients and when seda 


















tive drugs are added. (See Warnings and Adverse Reactions.) 
|. M. use: by deep injection into themuscle. =. 

. LV. use: inject slowly, take at least one minute for each 5m, 
(1 ml) given. Do not use small veins, i.e., dorsum of hand or wrist. 
Use extreme care to avoid intra-arterial administration or extrava-. 
sation. Do not mix or cilute with other solutions or drugs; donot ^ 
add to I.V. fluids. TURA EM 
Moderate psychoneurotic reactions, 2 to 5 mg LM. or EV. _ 
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GROUND, 
MILLED 
WHOLE LEAF 
DIGITALIS 
PURPUREA 


Formerly 
available 
from Davies 
Rose Hoyt 


0 
T 


manufactured 
and distributed 
by Lakeside 








Manufactured by LAKESIDE LABORATORIES 
Division of Colgate-Palmolive Company 


Distributed 


by 
LAKESIDE LABORATORIES, INC. 
Milwaukee, Wisconsin 53201 
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Gould biomedical recordi 
systems are your best bu 


1. Gould has a complete 
line of biomedical signal 
conditioners and 
recording systems. 

We make a recorder/signal 
conditioner system to meet any 
biomedical recording need you 
may have. 

For research monitoring 
OR, and Cath Lab you can 
choose from 1 to 8 channels 
on high performance direct 
writing recorders, XY recorders, 
4 and 8 channel monitoring 
oscilloscopes, a light beam 
oscillograph with up to 16 
channels. 

Our engineered systems 
include all transducers, 
interconnecting cables, signal 
conditioning, recorders and 
direct display readouts. 


2. The Gould pressurized 
inking system gives you 
the highest quality traces. 
Gould traces are the standard 
of the industry. Our pressurized 


inking system eliminates 
smudges, smears, skips and 
puddles because the traces 
are actually forced into the 
paper. The record you get is 
crisp, clear and permanent. 


3. Gould guarantees 
better than 99.5% 
linearity. 

There are two reasons why 
we can guarantee such à high 
degree of accuracy. First, our 
۱۷۱6۱۲۱5۱۱6۲ non-contact servo- 
loop feedback device moves 
freely in an enclosed air gap. 
second, our recorders have a 
rectilinear presentation rather 
than a curvilinear one. This 
eliminates geometric errors 
inherent with the conventional 
system. 


4. Gould biomedical 
recording systems give 
you trouble free operation. 
All of our instruments require 
minimal maintenance. For 
example, our disposable ink 
cartridge provides for 5 


worth of recording. O 
Metrisite tracing syste 
eliminates slide wires 
the problems that go 

And all of our electro 
solid state. 


5. A Gould syste 


of the easiest to c 
All systems are self 
brating. Our controls 1 
conveniently placed t 
you maximum flexibili 
paper can be replace 
seconds. Switching sit 
conditioners is a snap 
Gould service technici 
engineers are readily 
when and if you do ne 
assistance. 

Send for our free fu 
catalog. Write Gould | 
Instrument Systems D 
3631 Perkins Avenue, 
Cleveland, Ohio 44114 
Kouterveldstraat Z/N, 
Diegem, Belgium. 





LL NITROGLYCERINS START OUT POTENT. 


DELIBERATELY DEMANDING TEST CONDITIONS, 
NITROPRN STAYED POTENT LONGER. 


atients may leave their nitroglycerin exposed. The open-dish method, a most 
stability test, showed that Nitroprn retained its potency even under extreme exposure, 


thus protecting even careless patients.) 








What it is: Failure or inability of your patiente i 
follow your prescribed therapy. Result? Inadequ: 
apeutic response. Drug defaulting occurs in ev 
practice. Compliance can never be assumed. Hy 
compliance is common in hypertension therapy 

be diminished or eliminated by dece ng a simple 
once-a-day dosage regimen. "E 


Importance in hypertension: bro defaul 
and poor compliance are common in hypartensive 
patients. Why? : 
e Mild to moderate hypertension is largel y asymptomat 
patients often feel little need to comply strictly with. 
prescribed therapy. ER 

` e Complex regimens may confuse patients—salt restric 
tion, “no smoking," and ' ‘keep calm" advice; plus. 
complex dosages, hinder compliance. 
e Asymptomatic patients on therapy see no resul ts- 
often can't realize importance of dosage compliance. | | 
e Hypo-compliance—in many hypertensives— should t be. " 
recognized as a distinct clinical problem, leading to E 
sluggish or inadequate یی‎ response and 
perhaps, therapeutic failure. 


Significance of Hygroton (chlor h alidone) 
` e Once-a-day dosage helps encourage cor pliance.. 

e Recommended for mild to moderate hypertensior 

e Effective in lowering blood pressure. - he 

e s Convenient and economical 9g: term theray OV 


be ahud agna its ms تا‎ to the the ی‎ e is vorn ij e) 
fetus. These hazards include fetal or neonatal i E fluids. Mus 
jaundice, thrombocytopenia, and possibly other | 8 i 
adverse reactions which have occurred in the — 

`. adult. In nursing mothers, thiazides cross the- 

` placental barrier and appear i in cord. blood and — ^ brisk 

° breast milk. Precautions: Periodic. determina- و‎ 

= : tion of serum: ور‎ to detect possible Eo 





PHARMACEUTICAL MFG. CORP. 


ti, P, R. 00701 


f ee precipitated in certain 


in diabetic pa:‏ ای ایض 


Mei ; vellitus may - 
۱ est EE and. cote ch : 2 


PHARMACEUTICALS 


ful reappraisal of TO is necessary with 


consideration given to withholding or discontin- 


-uing diuretic therapy. Chlorthalidone and re- 
` lated. drugs may decrease serum. PBI levels 
- Without signs of thyroid: disturbance. Adverse. 
Reactions: Anorexia, ae irritation, nausea, ane 


nc s alcoho arbitur 
ics. Other adverse reactions in 
 cemia, glycosuria, | 
 Spasm, weakness, 
, Whenever: adverse 





Best Approaches 
To Care... 


Progress in Cardiology. 3 


The third in a series devoted to 
cardiology, this book is a survey of 
currently vital and interesting issues. 
"Highly recommended."—American Jour- 
nal of Cardiology. 


Edited by PAUL N. YU, M.D., University 
of Rochester School of Medicine and 
Dentistry, Rochester, New York; and 
JOHN F. GOODWIN, M.D., Royal Post- 
graduate Medical School, London, En- 
gland. (21 Contributors). 349 pp. 
(7 x 10), 172 illvs., 1974, $17.50. 


Cardiac Catheterization 
and Angiegraphy 


A concise and authoritative survey of 
the major technique currently employed 
in cardiac catheterization and angio- 
graphy. 

Edited by WILLIAM GROSSMAN, M.D., 
University of North Carolina School of 
Medicine, Chapel Hill. (24 Contribu- 
tors). About 450 pp., illus., Fall, 1974. 


Intensive and 
Rehabilitative 
Respiratory Care, 2nd ed. 


A Practical Approach to the 
Management of Acute and 
Chronic Respiratory Failure. 


"Highly recommended."—Respiratory 
Care. 


By THOMAS L. PETTY, M.D., University 
of Colorado Medical Center, Denver. 
(9 Contributers). 404 pp., 168 illus., 
1974, $13.50. 


Lea & Febiger 


WASHINGTON SQUARE 
PHILADELPHIA, PA. / 19106 


At thefirst sign of trouble 
Pronestyf Tablets 


(Procainamide Hydrochloride Tablets) 


The prolonged administration of procainamide often leads to the 
development of a positive anti-nuclear antibody (ANA) test with 
or without symptoms of lupus erythematosus-like syndrome. Ifa 


positive ANA titer develops, the benefit/risk ratio related to con- 
tinued procainamide therapy should be assessed. This may ne- 
cessitate consideration of alternative anti-arrhythmic therapy. 





Pronestyl Tablets (Procainamide Hydrochloride Tablets) are veneer- 
coatedtablets providing 250mg.,375 mg.,and 500 mg. procainamide 
hydrochloride. 

CONTRAINDICATIONS: In patients with myasthenia gravis and 
where a hypersensitivity to procainamide exists; bear in mind cross 
sensitivity to procaine and related drugs. Should not be given to 
patients with complete atrioventricular heart block. Contraindicated 
incasesofsecond degree and third degree A-V block unless an elec- 
trical pacemaker is operative. 

ADMINISTRATION: Should procainamide therapy be continued 
for any appreciable period, electrocardiograms should be made 
occasionally to determine its further need. 

PRECAUTIONS: Evidenceof untoward myocardial response should 
be carefully watched for in all patients. In the presence of myocar- 
dial damage with atrial fibrillation or flutter, the ventricular rate may 
increase suddenly as the atrial rate is slowed; adequate digitaliza- 
tion reduces but does not abolish this danger. Ventricular tachy- 
systole is particularly hazardous if myocardial damage exists. 

The dislodgement of mural thrombi producing an embolic episode 
may occur in correcting atrial fibrillation due to the forceful con- 
tractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate 
when ventricular tachycardia has occurred during an occlusive cor- 
onary episode or where the use of procainamide may result in addi- 
tional depression of conduction and ventricular asystole or fibrilla- 
tion as in second degree and third degree A-V block, bundle branch 
block, or severe digitalis intoxication. 

Bear in mind when treating ventricular arrhythmias in patients with 
severe organic heart disease and ventricular tachycardia that com- 
plete heart block, which may be difficult to diagnose, may be present. 
Sinceasystole may resultif the ventricular rate is significantly slowed 
without attainment of regular atrioventricular conduction, procaina- 
mide should be stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, normal dosage 
may produce symptoms of overdosage—principally ventricular 
tachycardia and severe hypotension. 

A syndrome resembling lupus erythematosus has been reported 
with maintenance procainamide therapy. Common symptoms are 
polyarthralgia, arthritis and pleuritic pain. Fever, myalgia, skin le- 
sions, pleural effusion and pericarditis may also occur. Rare cases 
of thrombocytopenia or Coombs-positive hemolytic anemia, pos- 
sibly related to this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in patients on procaina- 
mide for extended periods of time or in whom symptoms suggestive 
of lupus-like reaction appear; in event of rising titer (anti-nuclear 
antibody) or clinical symptoms of LE, assess the benefit/risk ratio 
related to continued procainamide therapy (see boxed Warning). 
Steroid therapy may be effective if discontinuation of procainamide 
does not cause remission of symptoms. If the syndrome develops in 
a patient with recurrent life-threatening arrhythmias not otherwise 
controllable, steroid-suppressive therapy may be used concomi- 
tantly with procainamide. 

ADVERSE REACTIONS: Hypotension is rare with oral administra- 
tion. Serious disturbances of cardiac rhythm such as ventricular 
asystole or fibrillation are more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urti- 
caria, and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported 
(see Precautions). Reactions consisting of fever and chills have been 
reported, including a case with nausea, vomiting, abdominal pain, 
acute hepatomegaly, and a rise in serum glutamic oxaloacetic trans- 
aminase following single doses of the drug. Agranulocytosis has 
been occasionally reported following repeated use of the drug, and 
deaths have occurred. Therefore, routine blood counts are advis- 
able during maintenance procainamide therapy; and the patient 
should be instructed to report any soreness of the mouth, throat or 
gums, unexplained fever or any symptoms of upper respiratory tract 
infection. If any of these symptoms should occur and leukocyte 
counts indicate cellular depression, procainamide therapy should 
be discontinued and appropriate treatment should be instituted im- 
mediately. Bitter taste, diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, and hypersensitivity reac- 
tions such as angioneurotic edema and maculopapular rash have 
been reported. 

The package insert should be read carefully to become familiar 
with the recommended dosage for the indicated conditions and for 
full prescribing information. 

HOW SUPPLIED: Pronestyl Tablets (Procainamide Hydrochloride 
Tablets) providing 250 mg., 375 mg., and 500 mg. are available in 
bottles of 100. 


©1974 E.R. Squibb & Sons, Inc. 444-003 





At the first sign of trouble 








Pronestyl 


(Procainamide 
Hydrochloride) 


For premature 
ventricular 
contractions 


Now in new 
elegant, sturdy, 
easy-to-swallow, 
veneer-coated 
tablets 





G UIBB?, ‘The Priceless Ingredient of every produ ct 
is the honor and i teady of its ۲ See opposite page for brief summary. 
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Why do the majority of ICU/CCU’s 
depend on the American Long Term 
monitoring electrode system? 













Gel cup maintains a stable col- 
umn of electrolyte. Motion arti- 
fact is reduced; adhesion loss 
due to gel squeeze out is elimi- 
nated. 


Gel pad is saturated with the 
proper amount and type of low 
impedance gel to deliver im- 

- mediate base line stability and 
continued high performance. 














$C, 
l Kw. 


dhesive and the gel 


D cup provide up to _ 
ven days of reliable 


tong 





Fully shielded patient cables 
are available for most brands of 
ECG monitoring equipment. 






۳ Advanced ca Diy 

1 i ide a low no 
tributes to eee 

e Open cell foam contributes life system. 


high levels of patient comfort. 


E ; 

` This is the system that hes established Open cell foam complements the elec- Please contact your American Hospital 

i new standards for high performance in trode's mild gel formulation and low Supply or NDM representative 

` long term ECG monitoring. profile to enhance patient comfort. and ask for: ; 

3 Designed for single patiemt use, the When used as directed, American’s ^ A demonstration of the system's 

` self-adhering silver/silver chloride Long Term Electrode provides from benefits. 

. electrode is pregelled with the correct five to seven days of continuous, acu- «A ho obligation clinical trial. Ameri- 

. amount of proper electrolyte. Adhe- rate monitoring ... with no discomfort can will supply electrodes, leadwires 

sion loss and electrolyte vaporation ® the patient, and cables to adapt to your present 

_ are virtually eliminated by the gel re- This advanced electrode, used with the monitoring equipment during the trial 

. taining cup. The results: Immediate appropriate American leadwire and period. à 

_ base line stability and be:ter long term cable, is fully compatible with your = A total inservice for your staff. 

performance than any other electrode present ECG equipment. = Information about our nationwide 
—reusable or disposable—is capable A clinical trial will show you why the technical support program. 

. of delivering. American Long Term Electrode system 


is the overwhelming choice of ICU/ 
Sag CCU’s throughout the country. 


rom Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


AMERI CAN HOSPITAL SUPPLY 


ON OF AMERICAN HOSPITAL SUPPLY CORPORATION + General Offices, 1450 Waukegan Road McGaw Park, Ilinois 60085 
t ye Term electrode is protected by NDM Corp. by the follow wing U 5 Patents: 3,696,807; 3,701,346; 3,713,435 


" i 





"ng 


AMERICAN 
HOSPITAL SUPPLY 
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Whatever your needs are in computerized electrocardiography, Marquette has tied up quite a package ۱ 





ystems to help you build your ecg department into the most technically advanced one available toda 
Marquette’s distinctive approach to solving problems in the ecg department, enables you to use either 





single system or our total systems capabilities. Whether it is our Series 3000 line of automatic ۲۵۵0۵۲۵06 
Jraphs, which produce the finest tracings available today or our Series 7100 ECG Retrieval and Storage Sy 
em, which reduces your storage problems by a 10 to 1 ratio. Our Series 3500 ECG Stress Testing System pre 
wides the most complete diagnostic monitoring available for determining potential coronary insufficiencie 
inder controlled stress, and our newest building block, The MUSE ECG Analysis System: a system that provide 
'our hospital with the capability of automating your ecg readings through the use of a compact digital co 
uter equipped with the most advanced programs in ecg computer analysis. 

At Marquette, we leave no strings untied to offer you the most advanced systems in electrocardiograph 

For full color brochures on these comprehensive new systems, write; Marquette Electronics, Inc., P.O. Bc 
039, 8200 West Tower Avenue, Suite 179, Milwaukee, Wisconsin 53223. 
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Adverse Reactions: Headache w 


Offers these unique Dosage and Administration: Fouts Subin 
advantages over the ich may occasionally be severe 
sublingual form: 
Natural chewing action 
stimulates saliva secretion... 
C] helps dissolve medication 
more easily 
1 helps distribute nitrate 
over a larger mucosal area onltisfecomn 
L] helps avoid "dry-mouth" STUART PHARMACEUTICALS 
problems j Wilmington, Delaware 19897 


n. Delaware ete] 








aan 
AJ UN 


"m 


- ES ی‎ EN وین امیس‎ ET 
۴ Dm He 





r «* 
amt 


pie 


۰ 


: — Hehasa"heart condition” 
but no demonstrable 





| heart disease. 


In patients with no evidence of 
organic heart disease, periods of 
excessive anxiety may give rise, in 
some instances, to cardiac com- 
plaints with EKG variations indica- 
tive of functional disturbance, e.g., 
sinus tachycardia and premature 
systoles. Because such symptoms 
tend to generate even further anxi- 
ety, it may take substantial and 
repeated reassurance before the 
patient will accept the fact that he 
does not have organic disease — and 


reactivity. 


Librium (chlordiazepoxide HCl) 


that his disturbing cardiac com- 
plaints stem primarily from exces- 
sive anxiety and emotional over- 


۱ 


combines high therapeutic effective- - 
ness with a wide margin of safety. = 

Seldom interferes with patient's 
usual activities. 

And is used with many caxdio- 
vascular drugs when concomitant 
antianxiety therapy is indicated. 

(See Precautions below.) 


‘To relieve excessive anxiety 
in functional heart complaints 


Librium 10 
(chlordiazepoxide HCI) 
lor2 capsules t.i.d./q.i.d. 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Relief of anxiety and 
tension occurring alone or accom- 
panying various disease states. 


Contraindications: Patients with 
known hypersensitivity to the drug. 


Warnings: Caution patients about 
possible combined effects with alco- 
hol and other CNS depressants. As 
with all CNS-acting drugs, caution 
patients against hazardous occupa- 
tions requiring complete mental 
alertness (e.g., operating machinery, 
driving). Though physical and psy- 
chological dependence have rarely 
been reported on recommended 
doses, use caution in administering 
to addiction-prone individuals or 
those who might increase dosage; 
withdrawal symptoms (including 
convulsions), following discontinua- 
tion of the drug and similar to those 
: seen with barbiturates, have been 
reported. Use of any drug in preg- 
nancy, lactation, or in women of 
childbearing age requires that its 
potential benefits be weighed against 


its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit 
to smallest effective dosage (initially 
10 mg or less per day) to preclude 
ataxia or oversedation, increasing 
gradually as needed and tolerated. 
Not recommended in children under 
six. Though generally not recom- 
mended, if combination therapy with 
other psychotropics seems indicated, 


carefully consider individual pharma- 


cologic effects, particularly in use of 
potentiating drugs such as MAO in- 
hibitors and phenothiazines. Observe 
usual precautions in presence of 
impaired renal or hepatic function. 
Paradoxical reactions (e.g., excite- 
ment, stimulation and acute rage) 
have been reported in psychiatric 
patients and hyperactive aggressive 
children. Employ usual precautions 
in treatment of anxiety states with 
evidence of impending depression; 
suicidal tendencies may be present 
and protective measures necessary. 
Variable effects on blood coagulation 
have been reported very rarely in 
patients receiving the drug and oral 
anticoagulants; causal relationship 


mg 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley. New Jersey 07110 


has not been established clinically. 
Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially 
in the elderly and debilitated. These 
are reversible in most instances by 
proper dosage adjustment, but are 
also occasionally observed at the 
lower dosage ranges. In a few in- 
stances syncope has been repcrted. 
Also encountered are isolated in- 
stances of skin eruptions, edema, 
minor menstrual irregularities, 
nausea and constipation, extrapy- 
ramidal symptoms, increased and 
decreased libido—all infrequent and 
generally controlled with dosage re- 
duction; changes in EEG patteras 
(low-voltage fast activity) may appear 
during and after treatment; blood 
dyscrasias (including agranulocyto- 
sis), jaundice and hepatic dysfunc- 
tion have been reported occasionally, 
making periodic blood counts and 
liver function tests advisable during 
protracted therapy. 

Supplied: Librium® Capsules contain- 
ing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCI. Libritabs® Tablets 
containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide. 
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۱ "healthy" 


ypertensive 


It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 





DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


Based on efficacy and economy, DIUCARDIN provides a good 
beginning for many hypertensive patients. New DIUCARDIN 


20 mg. Tablets. For mild tomoderate hypertension Ayerst. 
and adjunctive therapy for many types of edema. Ayerst. 


Diucardin 
(hydroflumethiazide 


diuretic/antihypertensive 


eu” TABLETS 


(See prescribing information on next page.) 





NEW FROM AYERST 


For the “healthy” hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


diuretic/antihypertensive 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 


The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: Hypertension: DIUCARDIN alone may provide adequate 
control in mild or moderate hyvertension. In severe hypertension or in 
cases of mild or moderate hyoertension which do not respond ade- 
quately, DIUCARDIN may be used in conjunction with other antihyper- 
tensive agents, 


DIUCARDIN alone or in conjunction with other antihypertensive agents 
isindicated for control of hypertension in pregnancy. (See WARNINGS) 


Edema: DIUCARDIN is indicated as adjunctive therapy in edema asso- 
ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
steroid and estrogen therapy. 

DIUCARDIN is indicated in severe edema during pregnancy. (See 
WARNINGS) 

DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e. 7. nephrotic syndrome, acute glomerulo- 
nephritis, and chronic renal fa lure. 

CONTRAINDICATIONS: Anuria. oliguria. Hypersensitivity to 
DIUCARDIN or other sulfonamide derivatives. 

The routine use of diuretics i» an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 
WARNINGS: Use with cauticn in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug may 
occur in patients with impaired renal function. 

Use with caution in patients with impaired hepatic function or pro- 
gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 





Use with caution when hydroflumethiazide is administered in con- 
junction with other antihypertensive agents. Lowering of dosage of 
these agents is usually indicated. Thiazides potentiate ganglionic or 
peripheral adrenergic blockirg drugs. 


Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 


The possibility of exacerbatien or activation of systemic lupus erythe- 
matosus has been reported. 


cental barrier and also appear in breast milk. Consequently, they may 
cause fetal or neonatal hype~bilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism angl other adverse reactions. Therefore, the 
potential benefits of thiazide administration in women of childbearing 
age must be weighed against the possible hazards to the fetus or child. 


PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, i.e. hypokalemia, hyponatremia, 
and hypochloremic alkalosis. All patients taking thiazides should be 
observed for signs and symptoms of electrolyte or fluid imbalance, 
namely dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension, oli- 
guria, tachycardia, and gasrointestinal disturbances such as nausea 
and vomiting. Serum and unine electrolyte determinations are particu- 
larly important if the patient is vomiting excessively or receiving 
parenteral fluids. 


` to catecholamines and to enhance the effects of curare and its deriva- 


| Ayerst. New York, N.Y. 10017 


If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 
coated, concentrated preparations of potassium salts. 


Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is ap- 
propriate except in rare cases when hyponatremia is life-threatening. 
In actual salt depletion, appropriate replacement should be given. 
Hypochloremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 


The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 


Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 


If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be continued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 


Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 


Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 


Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 


tives. Caution should be exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 


The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 
ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, acute pancreatitis. 
Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplastic 
anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension ( may be aggravated by alcohol, 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DIUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DIUCARDIN —No. 702 —Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 


References: 1. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, C.R.: Hydro- 
flumethiazide, a new oral diuretic, Lancet 2:311 (Sept.) 1959. 
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Introducing INTROPIN (dopamine HCI) 
for the correction of hemodynamic imbalances in the shock syndrome 
due to: myocardial infarction, trauma, endotoxic septicemia, 
open heart surgery, renal failure 
and cardiac decompensation as in congestive failure. 


Complete product information and a Clinical Reprint Order Form appear on the last two pages of this advertisement. 
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Intropin is indicated for the correction of hemodynamic imbalances in the shock . 
syndrome due to: myocardial infarction, open heart surgery, renal failure and oA, 
chronic cardiac decompensation as in congestive failure. RR 

The pharmacological actions of Intropin appear to differ significantly from other 
catecholamines. Over 6 years of clinical trials at more than 30 teaching 
hospitals have shown that Intropin can increase cardiac output, 
vital organ perfusion and renal flow with a low incidence of 
undesirable efects. 


INTROPIN usually will: 


increase perfusion to vital organs 
Multiclinic trials have demonstrated that Intropin provides 
adequate perfusion of vital organs. This is based upon a number 
of clinical parameters including an increase in urine flow which 
appears to be one of the better diagnostic signs of increased 
vital organ perfusion. 

At doses above those optimal for the individual patient, urine 
flow may decreas3, necessitating reduction of dosage. 


Increase urine output 

Intropin significantly increases urine flow. This is in contrast to 
most other sympethomimetic amines, which usually cause little 
or no significant increase in urine output. 

This increased urine output is due to increases in glomerular 
filtration rate and renal blood flow and is accompanied by 
increased sodium excretion. Intropin may also increase urine 
flow in patients whose urine output is within normal limits and 
may promote diuresis usually with no decrease in osmolality. 


increase cardiac output 
Intropin acts predominantly on the beta receptors of the heart to 


substantially increase contractility, stroke volume and cardiac 
output, as confirmed by invasive technique. 


increase blood pressure 

Hypotension due to inadequate cardiac output can be managed 
by administratio? of low to moderate doses of Intropin. Prognosis 
is better in patients whose blood pressure and urine flow have 
not undergone rrofound deterioration. Therefore, it is suggested 
that the physicien administer Intropin as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes 
evident. 
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cardial function and blood pressure have not undergone profound deterioration. Mul- 
ticlinic trials indicate that the shorter the time interval between onset of signs and 
symptoms and initiation of therapy with volume correction and Intropin, the bet- 


apy is initiated within 4 hours of onset of symptoms. — ۱ 

As with all potent drugs, Intropin must be administered under close 
medical supervision. It is administered only by I-V. drip after dilution in a 
suitable I.V. solution. 


INTROPIN usually will not: 


cause excessive myocardial oxygen consumption 
Intropin produces less increase in myocardial Oxygen 

consumption than isoproterenol. During administration of 

Intropin, the myocardial oxygen supply/demand ratio has usually 
remained stable. Intropin appears to meet additional myocardial 
oxygen requirements by increasing coronary flow. 


substantially increase tachyarrhythmias 
One investigator reported less than a 396 incidence of 


` tachyarrhythmias in clinical trials in 270 patients. The 
tachyarrhythmias which occurred were easily managed. 


increase total peripheral resistance 
Administration of Intropin, at low and intermediate dosages, 
generally does not increase total peripheral vascular resistance. 


Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. 


Serious undesirable effects seldom occur. 


In multiclinic studies, adverse reactions necessitated 
discontinuation of Intropin therapy in only 11 (296) of 
526 patients. 


Additional product information and a Clinical Reprint Order 
Form appear on the following pages. 





| Ja 
e ARNAR-STONE LABORATORIES, INC. 


cardiac output and vital organ perfusion — 


Patients most likely to respond adequately to Intropin are those in whom urine flow, myo- - 


ter the prognosis. Survival rates are considerably improved when Intropin ther- - 
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una precursor. of d iac Ms 


N- CH,CH,NH, + HCI 


Mol. Wt. 189.65 


hite, ocorless crystalline powder, freely soluble in water 

nsitive-to light, alkalis, iron salts and oxidizing agents. 

yyroger-free INTROPIN Injection contains 40 mg. of 
juivalent to 32.96 mg. of dopamine base) in Water for 
96 sodium bisulfite as a preservative. 
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NTROPIN produces less increase in myocardial oxygen 
oproterenol and its use is usually not associated with a tachy- 
studies indicate that INTROPIN usually increases systolic and 
ither no effect or a slight increase in diastolic pressure. Total 
w and intermediate therapeutic doses is usually unchanged. 
ascular beds may decrease while mesenteric flow increases. 

pen reported te dilate the renal vasculature presumptively by 
minergic’”’ recertor. This action is accompanied by increases in 
te, renal bload flow, and sodium excretion. An increase in 
“by ای ی‎ is usually not associated with a decrease in 


P Ni is iudicia: for the correction of hemodynamic imbalances 
shock. syndrome due to myocardial infarctions, trauma, endotoxic 
M ae surgery, renal failure, and chronic cardiac decompensation 

ilure. - 

ti , Festoration of blood volume with a suitable plasma expander 
d be instituted o completed prior to administration of INTROPIN. 
xely to. respond adequately to INTROPIN are those in whom physio- 
-such as urine flow, myocardial function and blood pressure, have 
1 deterioratior . Muiticlinic trials indicate that the shorter the 
tween onset of signs and symptoms and initiation of therapy with 

INTROPIN, the better the prognosis. 
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a Bikeline diluent solution, since the drug is inacti- 


AC hamine oxidase (MAO) inhibitors. prior 


! ty, u 
Although in clinical trials inad 
any evidence of necrosis, the usual preca be taken to avoi 
Close monitoring. of the following indices—urine flow, cardiac. outpu 
pressure-—during INTROPIN infusion is ‘necessary as in- the case ker an 
agent. 


evaluation of INTROPIN included ectopic beats, nausea, بت سا‎ ic 
anginal pain, palpitation, dyspnea, headache, hypotension, and. -“yasocons 
Other adverse reactions which have been reported infrequently were aberra 
duction, bradycardia, piloerection, widened QRS complex, azotemia, aee vate 
blood pressure. EN 


DOSAGE AND ADMINISTRATION: 
WARNING: THIS IS A POTENT DRUG. IT MUST BE DILUTED BEFORE ADMI 
TION TO: PATIENT. i 


Suggested Dilution—Transfer contents of one ampul (5 ml. containing 200 mg 

INTROPIN) by aseptic technique to either a 250 mi. or 500 mi. bottle of one of the 

following sterile intravenous solutions: . l 

1) Sodium Chloride Injection, USP 

2) Dextrose 5% Injection, USP 

3) Dextrose (5%) and Sodium Chloride 
(0.9%) Injection, USP 

4) 5% Dextrose in 0.45% Sodium Chloride 
Solution 


These dilutions will yield a final concentration for administration as follows: 
250 mi. dilution contains 800 meg./ml. of INTROPIN F 
500 ml. dilution contains 400 mcg./ml. 0۶ ۷ 


INTROPIN has been found to be stable for a minimum of 24 hours efter dil 
in the sterile intravenous solutions listed above. However, as with. all intr 
admixtures, dilution should be made just prior to administration. — 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or. other. alk 
intravenous solutions, since the drug is inactivated in alkaline solution. - 


Rate of Administration—INTROPIN, after dilution, is administered intra hously - 
through a suitable intravenous catheter or needle. An i.v. drip chamber or. ‘other’ 
suitable metering device is essential for controlling the rate of flow in drops/ minute 
Each patient must be individually titrated to the desired hemodynamic and/or re 
response with INTROPIN. In titrating to the desired increase in systolic blood pri 
sure, the optimum dosage rate for renal response may be exceeded, thus necessita 
ing a reduction in rate after the hemodynamic condition is stabilized. : 
Administration at rates greater than 50 mcg/kg./min. have safely been. Em 
in advanced circulatory decompensation states. If unnecessary fluid expansion i: 
concern, adjustment of drug concentration may be preferred over increasing the flow. 
rate of a less concentrated dilution. » 


Suggested Regimen: 


1. When appropriate, increase blood volume with whole blood or plasma u 
ar venous pressure is 10 to 15 cm H,O or pulmonary wedge pressure is. 14. 18 
mm ۰ > 


2. Begin administration of diluted solution at doses of 2-5 mcg. /kg. /minute 
INTROPIN in patients who are likely to respond to modest increments of heart fore 
and renal perfusion. 

In more seriously ill patients begin administration of diluted solution at doses of. 
5 mcg./kg./ minute INTROPIN and increase gradually using 5 to 10 mcg./kg. Me 


5) Dextrose (5%) i in Lactated Ringer s 
Solution - ۱ 

6) Sodium Lactate üj 6 Molar) - 
Injection, USP- 

7) Lactated Ringer s Injection, USP 


shown that more than 50% of the patients were satisfactorily. maintained on dose 
of INTROPIN less than 20 mcg./kg./ minute. In patients who do not respond to thes 
doses with adequate arterial pressures or urine flow, additional increments of IN 
TROPIN may be employed in an effort to produce an appropriate arterial pressur 
and central perfusion. 


3. Treatment of all patients requires constant evaluation of therapy im ferm 
blood volume, augmentation of myocardial contractility, and. distribu 
peripheral perfusion, Dosage of INTROPIN should be adjusted. accordi 
patient's response. 


4, As with all potent intravenously administered drugs, care should. ۱ 
control the rate of administration so as to avoid inadvertent adminis ation 
bolus of drug. 

OVERDOSAGE: In case of accidental overdosage, as evidenced b excessiv bl 
pressure elevation, reduce rate of administration or temporarily discontinue. ANT 
PIN until patient's condition stabilizes. Since INTROPIN's duration of. action is q 


short, no additional remedial measures are usually necessary. 4f these measures fa 


to stabilize the patient's condition, use of the short- acting apta e Ven i 
agent, phentolamine, should be considered, wg a oa 
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ctable patient response... 


on biologic availability’ 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ntricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
ped. | 
1 during the previous week or any other less rapidly excreted drug of 
gitalis grou the dose of Lanoxin brand Digoxin must be reduced accordingly. 
ise of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 
'otassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
gents as well as electrolyte manipulatioris by the physician are major causes of potassium depletion in cardiac patients. 
r these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
enance | 
igoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
jial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardíac origin, as severe anemia. Despite 
e Or poo” response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure ` 
ication "or its use. 
Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those. occurring 
igitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
thmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
astrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
one or two days. 


les of 100 and 1,000. 0.25 mg. (white) scored, — 
f 10 tablets, 10 boxes of 100 tablets (1 000). k 
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P ` Methods 
3 patients with. bifascicular block stud- 
ed. First, degree heart block was de- 
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All His bundle electrograms were. recorded | by. a modif 


scribed. All His bundle electrograms were: validated by atr 
al pacing or atrial premature beats. The following interval 
were measured: - 

A-H: first high frequency decin of the atrial: lect 
gram to the first high frequency component of the His Bune, 










H-V: the first high frequency component. of the. His ba 
dle deflection to the onset of the ventricular electrograr 
(normal 35 to 55 msec). 420 _ ۱ 

Previously reported cases were "uiudet für. statistical 
analysis when criteria for bundle branch block were stated 
and were similar to those of our study. Only cases with 11 > 
conduction in which normality or abnormality (as defined . 
herein) of both the P-R and H-V intervals could be deter 
mined from the data presented were included: Findings i 
these additional cases are analyzed i in the discussion. - 


Results 


Left bundle. branch block (Table. L | Fig. dx 
Twenty patients were studied; 11 had left axis devia 
tion. Nine patients had first degree heart block, five 
with left axis deviation and four with a normal axis. 
Among the 11 patients with a normal P-R interval, 
the A-H interval ranged from 90 to 140 msec (greater. 
than normal in 1 patient). Among the nine with first. 
degree heart block, the A-H interval ranged from 145 


























terval of those with a normal P-R interval ranged 
from 45 to 65 msec; four of these patients. had a pro- 
longed H-V interval, three with left axis deviation ? 
(60, 60 and 65 msec) and one with a normal axis (60 — 
msec). Of the nine patients with first degree heart — . „ 
block, the H- V interval ranged from 50 to 75 msec; n 
five had a prolonged H-V interval, three. with. left 
axis deviation (70, 70 and 75 msec) and two wit 18 
normal axis (60 and 75 msec). | 
Thirteen of the patients had d ‘heart 
disease (five with a prolonged H-V interval); four 
had primary cardiomyopathy (three with a prolonged 
11-۷ interval); and three had no apparent cardiac ab- 
normality other than left bundle branch block (« 
with a prolonged H-V interval). . 
Right bundle branch block (Fig. 2): Forts 
patients were studied; 32 had left axis dev 
11 had right axis deviation. First degree heart 
was present in 13 patients, 6 ith : left | 
and 7 with right axis deviation. | 
Right bundle branch block a and 
tion (Table I, Fig. 2): In this. grou] 
the A-H interval ranged from 65 | 
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1 : sible 19, 21 22 ahd more precise ‘localization à of t. 
Sor. sites of A-V block can be determined. D 
. sinus rhythm, the wave of depolar ization. travels D 
` the atrium to the A-V node, then to the bundle of. = 
. His and then through the ventricular conduction sys- =. 
tem to the ventricular myocardium. The ventricular . 
` conduction system has been described as having 
MEN three pathways: the right bundle branch, the ante- 
n pues rior-superior radiations and the posterior-inferior ra- 
jet P- R Interval ۱ Prolonged f P-R interval ` diations of the left bundle branch. Lesions of each of - 
Normal Peolinged Cases: Normal Prolonged these pathways will cause QRS: changes and combi- 
HV HV (no) HV. HV . . nation of lesions in two pathways simultaneously (bi- 
"ros سس سس‎ fascicular block) will lead to specific electrocardio- . 
_ left Bundle Branch Block graphic patterns. Thus, the electrocardiographic pat- ———— 
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| . and left axis deviation can be caused: by lesions. in- 
: l TM i ` both the right bundle branch and anterior radiations 
3. 2 Q0 > of the left bundle branch; and the pattern of right. 
CTT bundle branch block and right axis deviation can be 
es i xe. Go 0. «9 2 caused by lesions in both the right bundle branch and | 
ee 0079 3 1 2 — . posterior radiations of the left bundle branch. 1824-26. 
ua. 2 d 9 4 5 The pattern of left bundle branch block and left axis. 
(88. 28416) 34970). 38 | 92490 TRIER). deviation has been interpreted as signifying block of ` 
uU PUN p . both the main left bundle branch and its anterior ra~ 
m nt Bundle Branch B ok and Left A Axis Deviation ۱ A diations or block in both the anterior and posterior 
: OO 77" ^"  . radiations with more pronounced. conduction delay Y 
1 | ۱ ` the anterior fascicle.19.2324 ۱ 
۱ 4 2 2 ` The finding of a prolonged H- V eral in pae | 
10 M 4 10 ` tients with bifascicular block has been cited as evi —. 


vm s | dence of disease in the remaining fascicle (thus. indi- c o0 
SUB. E gi 33 0 ` cating trifascicular block!^1327) and used to suggest. ۳ 
a ae ` that such patients are at risk for complete heart | 
oe 9 1 0 1 ` block. If the data obtained from the electrocardio- . : 


gram (or another noninvasive technique) were suffi = 
cient to determine the status of the remaining fasci-  — 
cle in patients with bifascicular block, those patients . 


ego. F 3 0 3 with trifascicular block could be identified. and fol- —— 

3 3 0 EE lowed up more closely for evidence of the develop- > 
tudy 26.25 — . 1. 6 3 3 ment of intermittent complete heart block.!11927.29 — — 
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trograms of patients with evidence of bifasci- - 
block on the electrocardiogram. Review of these | 


udies with respect to the relation of an abnormal 


1-۷ interval to first degree heart block is ‘hampered 
by differing values for the normal H-V interval, the - 
^ absence of data with respect to the P-R interval, and 


- the method of case selection. In Table 11, we have at- 


tempted. to select from these series those patients 
with sufficient data for comparison with our patient 
| group. We have defined an و‎ H-V interval as 


greater than 55 msec.420,30 - 


Including our own patients, 96 parale with left 
undle branch block have been described?!:14,15,31-35 — 
‘ig. 1, Table II). Of these, 38 had a prolonged and 58 | 
normal P-R interval. Although a prolonged HV 
interval appeared. to occur more frequently in those - 
with first degree heart block, the difference between 
he rate of H-V. prolongation in this group and in 


those with a normal P-R interval (76 and 59 percent, 
E respectively) was not statistically signifi icant (P »0.05 
and «0.10; chi : square = 3.16). 


- Data on both axis deviation and P-R ی‎ are - 


: ¿available in only a few reported cases. Although 


Rosen et al. 32 correlated axis deviation or P-R inter- 


‘val with the H-V interval in their 57 patients with 
left bundle branch block, they did not present their 


x raw data and did not. correlate the combination of 


` axis deviation and P-R interval with H-V interval 
(their cases with an intermediate H- V interval of 50 
.to 60 msec cannot be included). Rosen et al.?? also 
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quently among the patients with a longer. H-V inter- - 


d val, but the difference was not statistically signifi- 


cant. Spurrell et al.33 found a prolonged H-V interval — 


in all of their five patients with left bundle branch 


block and left axis deviation regardless of the P-R in- _ 
al. Our group of patients with left bundle branch -— 
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In 110 reported cases of tight bundle branch block 
ind left axis deviation, there are sufficient data to 
determine the relation of the P-R interval to the H- 
V interval.311-15.28/4-37 With our 32 cases the total is 


2 patients (Fig. 2, Table H). Of these patients, 40 
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"E Pe i sinus eae sinus arre t, sine 
. episodes of tachycardia-bradycardia mic 
| eire 1-7 Eu یی‎ with this ا‎ | 


o of تیگ ی‎ sinus pedal function Hie e been 


MH In this iore we describe the use e of f romid a atrial p 





; "men E Symptoms 1:124 ias + Rate/min — (se). QRS Con aida a 

Dizziness, syncope: p a EERI e k “Normak? 
CHF eB 038 2 0.24 7° °° Normal 
-Syncope —— | SBSA .  . 138  . 018 -— Normal. Liu 
Dizziness, syncope SB, SA. 
Dizziness = «8B d 

. Dizziness, syncope $B, SA 

`. Syncope (7 SB 
None i 2 SB. 
Dizziness | | | SB ^. - 
Dizziness j ER T SB, SA LN E 
CHF. os. SB, i 
Syncope c^ $B 
Syncope SB, SA,. 

= "paroxysmal 
‘atrial 
ر‎ fibrillation 

Syncope SB, SA 2 2 
Syncope SB e 3 . K "Normal | 


8 Ss (5 (0.18. Normal 


— — rn موه‎ tatem 


itf fle; LAH = “left anterior hemiblock; LBBB = left bundle branch block; RBBB = = right bundle branch ٠ 
st; SB= sinus bradycardia. 


iac medication. ‘Three patients who had been utes ne ‘adininisiration’ of Pd His: bundle u 
drugs (Table 1) discontinued their use at grams were obtained by the technique of Scherlag etal!5in 
efore the study. Thirteen patients had syn- .14 patients. In one patient, Atrial pacing was repeated Z ۱ 
ود با‎ ids ی‎ n fannie, and ` months after the initial study. | : ۱ 

` `. Definitions and mreasureiients: Sinus nodal recovery jj 
^ time was measured. from. the Jast atrial paced. beat to the 
s ha pr following. sinus escape beat. The corrected sinus recovery .— 
i d Binh block ‘and: left + axis p ` time was obtained by subtracting the average P P: interval 1 
incomplete left bundle branch blockin from the sinus recovery time. = 
F taneh block i in one. : 
Results - 


us In the control group of 15. patients, the — ; 

` sinus recovery time ranged from 0 to 375 msec ( 210 E 
. 131 [mean + standard deviation]). These results 
i ‘similar. to: those. reported. by others. 13 In h Kn 

- group, the corrected sinus éenvery time. wa; 


[78 was pacis (2, 000 urs 5, 690 sé): in pm 
mor moderate 80. to 150 اس‎ im four 
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IGURE 3. Case 2. An example of a normal control sinus recovery time and an abnormal response to atrial pacing after administra 
ine. Panel A shows a control tracing with a P-P interval of 1 ,540 msec. In panel B, at a pacing rate of 120/min, 2:1 A-V block is p 
corrected sinus recovery time (CSRT) after 2 minutes of atrial pacing is 60 msec. Panel C shows the effect of atrial pacing after ad 
f atropine. Atrioventricular conduction is of the Wenckebach type. After cessation of atrial pacing, junctional escape mhyihm à at a rat ol 
e P' = retrograde P wave. Other abbreviations as in Figures 1 and 2. 


time, no signifi cant change i in recovery time occurred 
er r the administration of atropine. 


Discussion 
` Sinus Nodal Recovery Time 


| The functions of a normal sinus node are in- 
uenced by a variety of factors, including tempera- 
re, acetylcholine, catecholamines, atropine and me- 
anical stretch.!9-?! Transient sinus nodal dysfunc- 
„may occur as a result of ischemia, increased 
ntracranial pressure and increased vagal tone. The 
| | sinus Bode like other cardiac ی‎ also 


rome "defined clinically and o اس‎ 
x ly, to determine if the technique of rapid atrial pac- 
ang could. separate these patients from those with 
pri , orina sinus nodal function. 
< There have been several studies of sinus nodal re- 
i covery time in normal subjects and patients with the 
ck sinus syndrome.!9-!5 Mandel et al.!? found that 
(93 percent) of 31 patients with the sick sinus syn- 


recovery times ranged from --150 to. 3: 
were comparable to those of the contri 

patient populations in the various studie 
parable, and the reason for the different 
tained is not clear. The negative value of 


ed sinus recovery time in three of our patie 


best be explained by the failure of consis 
larization of the sinus node by the 
beats.!9.17 This failure might have been du 
penetrance or nonpenetrance of the sinoatri 
tion, possibly as a result of fibrosis. |. . 
Most. of the — in our LEE group ۷ 


120/min did not ignifieantty, affect the Y^ : 
sinus تن‎ time, a increased i in some 


Gbtained at ONCE. pacing la. "No sig 
change i in the recovery, time occurred i in the sing T 


study. 
Effects of Atopia 


sidered MERERI in 6 der Doce escape indes 1 


peared in 3. Mandel et al.!? reported that 27 c 


tients had an adequate response to atropine ar 
made no mention of junctional escape rhy 
Rosen et al.!! reported that 8 of 11 patients iad 
. adequate response to administration of atrop 
junctional rhythm was demonstrated in 21 
before the sinus rate increased. Narula. eta 
described. junctional rhythn 3. d he. adm 
tion of atropine in اا‎ with the sick sinus s; 
drome. . "TE | 2 | 


drome had an abnormally prolonged sinus recovery 
time. Rosen et al.!! reported an abnormal sinus re- 
covery time in 4 (40 percent) of 10 patients with the 
syndrome. Sixteen (57 percent) of 28 patients with 
his syndrome studied by Narula et al.!? had an ab- - 
normal corrected sinus recovery time. In our study, 
0 atients (35 percent) had an abnormal cor- 
` time (480 to 5,690 msec). NE 
ing | 1 patients, the corrected sinus — 

































1 را میج‎ escape سس‎ alier cessa- 
trial pacing, and of the other four, the cor- 
t sinus recovery | time decreased in three and in- 
sed in ' group of seven patients who 
x vent repeat. atrial pacing after administration 
had no ی رت ایس‎ dta in recov- 















a be n ۱ and. thus j allows a a more CORSE 
ization of the sinus node with resultant sinus nodal 
depression | on cessation of atrial pacing. 
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B the Mire تیاس‎ inves an a abhor sin 


| a suppression does not occur in: ‘all patients. 
` Failure of consistent depolarization. of 1 the sinus node. 
as a result of entrance block at the sinus ; 
possibly because of fibrosis, may. explain this. unusual 





rating patients with the sick sinus syndrome from 


the sick sinus syndrome.. 
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response. !6! 17 Because of the nonuniformity of results ۱ 
in this group of patients, we believe that atrial. paci g 
with determination of corrected sinus recovery time, 
although helpful, is not a definitive method of : sep 









those with normal sinus nodal function. However, at 
ropine should be tried in such patients, and if a june 
tional rhythm appears before an increase in the sinus — . 
rate, the possibility of abnormal sinus nodal function > 
may exist. Moreover, some patients with normal con- 
trol corrected sinus recovery time may show an ab- 
normal response when atrial pacing is repeated. after ' 
administration of atropine. We believe that a thor- 
ough clinical. and electrocardiographic: evaluation مر‎ 
mains the best. means of establishing: a diagnosis of | 
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" ` ventricular responses and changing atrioventricular c 
ae یه یت بو بر‎ a of punks flow ‘aie y.T 


da conscious human subjects. 


_ Material and Method | 


i 11 dod a variety of valvular and. i heart. diseases, = “All a 
“physiologic diagnoses were based on results of complete right. 
NC catheterization, selective. coronary 'cineangiography | and indic: 
»4 curves. ane six deco with a a | normal heart were studied de: 


into the e or r left X brachial artery. ak had 
use of 1 pni lidocaine: local ی‎ Un 


P prodo fashi was: n and poet py i 


Bou . passed to the right atrium or rigl 


|. “pressures at those respective | 
| ~ blood. flow velocity, lead II. 


nal carotid. pulse tracings, p ; 
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FIGURE 1. Simultaneously recorded lead Il (L Il) of the electrocardio- A 
gram and left ventricular (LV) outow tract blood flow velocity in a R-R INTERVAL (sec.) 
44 year old man with coronary artery disease. Two atrial premature FIGURE 2. Relation between peak left ventricular blood flow velocity 
beats (APB) result in a reduction in peak systolic and diastolic left and preceding R-R interval of 29 atrial premature beats in 13 
ventricular blood flow velocities. subjects; shorter R-R intervals result in lower peak flow velocity lev- 
els. 
_ All atrial arrhythmias were spontaneous in origin, preex- Atrial tachycardia: Episodes of multifocal atrial 
istent or a result of manipulation of the right heart cathe- tachycardia were observed in 15 patients. When 


ter. The left ventricular blood flow velocity records de- 
scribed in our report represent measurements obtained at 
the left ventricular inflow tract, midcavity or outflow tract. 


fewer than six premature atrial contractions occurred 
in succession, peak left ventricular blood flow veloci- 
ty was related to the preceding R-R interval in the 


Results manner described for atrial extrasystoles. In 11 in- 

stances of paroxysmal multifocal atrial tachycardia, 

Atrial premature beats: Left ventricular blood each composed of more than six ectopic atrial beats, 
flow velocity was recorded in 28 subjects during natu- peak left ventricular blood flow velocities tended to 
rally occurring or catheter-evoked premature atrial return toward control values during the latter stages 
depolarizations. Atrial ex-rasystoles resulted in a de- of the arrhythmia. This augmentation of blood flow 
crease in peak systolic and diastolic left ventricular velocity was observed even when the R-R intervals 
flow velocities, generally related to the extrasystolic were shorter than those that had resulted in marked- 
coupling interval (Fig. 1). There was a significantly ly reduced flow at the onset of the tachycardia (Fig. 
high degree of positive correlation between the pre- 3). Three patients experienced episodes of paroxys- 
ceding R-R interval on the electrocardiogram and mal atrial or supraventricular tachycardia. On aver- 
the amplitude of left vertricular blood flow velocity age, these tachyarrhythmias reduced peak left ven- 
waves during atrial premature contractions (Fig. 2). tricular blood flow velocity to 40 percent of the 
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FIGURE 3 Simultaneously reccrded lead Il of the electrocardiogram, tricuspid area (TA) phonocardiogram, right atrial pressure (RA PRESS) end 
left ventricular outflow tract blood flow velocity in a 30 year old man with coronary artery disease and recurrent multifocal atrial tachycardia. 
Peak left ventricular blood flow velocity is related to the preceding R-R interval during the initial stages of the tachycardia. The last half of the ar- 
rhythmia, at a more rapid heart rate, is associated with a gradual rise in peak blood flow velocity to control sinus rhythm levels. 
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SURE 4. . Simültsineouslj recorded lead il of the electrocardio- 
gram, right ventricular pressure and left ventricular blood flow ve- 
ocity in a 60 year old man with. „paroxysmal. supraventricular 
tachycardia. The. first. three beats. ‘of the tachycardia result in 

000 flow. velocity. Subsequent. 
beats are. associated with peak left ventricular blood flow velocity 
alternation and a mean: velocity. reduction: of 36 percent when 

ompared with ورف‎ values obtained during sinus rhythm. 


1 es coe during sinus ee The first few 
its of. the tachycardia always. effected lower peak 
elocity. levels than those generated by subse- 


jeats. In a single patient with paroxysmal su- 


ra n 'icular tachycardia, peak left ventricular 
blood flow velocity alternation was observed (Fig. 4). 

۱ Atrial flutter: Atrial flutter occurred in six 

s in three as a consequence of right atrial 

: jon. - - In. subjects with preexisting | sinus 

the onset of atrial flutter with 2:1 atrioven- 

ir (A- V. ) conduction. produced a 30 to 50 per- 

eduction in peak left ventricular blood flow ve- 

At these lower A-V conduction ratios peak 

low velocity. usually remained stable after an initial 

decrease, : as described for paroxysmal atrial tachycar- 

dia. Each. systolic. blood flow velocity. deflection Was 

‘succeeded by a diastolic flow velocity ۱ wave that cor- 

responded, to an inverted F wave in lead IT of the 
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LV FLOW VELOCITY at RUNS 


electrocardiogram (Fig. 5). When. varyi 
ratios were operative during atria 
shortening of the R-R intervals re: 
peak left ventricular blood flow v 
A-V conduction. changed from. 3:1 


` during the latter were always associat 


systolic flow velocity waves than s T 
surements obtained? je se ۱ 


lotion. dn four, "be Min echt p of ine ۱ 


—— In contrast to ‘wave e fom 1 





lic blood Velocity pii de was 
g longer R-R intervals. Abrupt shorten- 
; itin resulted i ina arkad diminu- 


: atrial ibrillation was UM left 


mi ide avity recordings demonstrated 


ibed diastolic f waves, which were seen 


ji LT یی‎ undulations | on ae و‎ E 


: Nn nj رد‎ 
sn raa TNR! یه‎ | Bead 


MI: rate and ea! waves were more manifest. when ‘he 2 
E atrial deflections on the electrocardiogram ` were. Jarg- 
"er iui 8 


e g ` Discussion p | 
"This. report provides the first. destription’ of left ; 


E ventricular blood flow velocity during atrial arrhyth- 
mias in conscious man. Alterations of left ventricular 
blood velocities induced by atrial tachyarrhythmias | 
` furnish the underlying basis for reductions of blood . 
- flow velocity previously noted. in the aorta, carotid — 


arteries,’ renal arteries,® superior mesenteric artery? 


and more peripheral arterial beds of man!9-!? during. 
such rhythm disturbances. All previous description 


of a  diminbtion a ی‎ arterial blood flow. Ct rades in 


y ۱ P Peak d left نی ین‎ ‘blood ‘Melocities. ieee atrial be 
E premature beats and atrial tachyarrhythmias. A 


In the case c of supraventricular tachycardia, the i ini- : 


‘tial four to six beats of the arrhythmia uniformly ۷ 


blood” fos. MOMS Bobseduant beats du ring. | 


| `. tachyarrhythmias. generated blood velocities that | in 
` some cases. approached. control levels. during. Sinus 


۱ — rhythm. This increase in peak left. ventricular. bloo 
e Bue velocity during s sustained d tachyonpdia gan b a 


“velocities 





d flow. velocity. rather. than. volumetric | with atrial a 1 
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E Cinefluorographic e evaluation of the Starr-Edwards aortic prosthetic E 
`. valve (model 2320) was performed i in 41 patients. The aortic pressure __ 
- . pulse, obtained with a catheter-tip manometer, the electrocardiogram ae 
H IARTSTEN, MC | and phonocardiogram. were recorded simultaneously. on cine film. and Ps 

i photographic paper. The patients. were classified into three groups on. . 
le P. vk, Jamaica and — . the basis of the behavior of the poppet during ejection. In. Group J (20 us 
X, New York | 5 — the e ponpot remained in a inion E fixed d postion # a : 








flux of contrast ‘material into the left ventricle, Final closure occurred M 
e on inscription of the incisura and was associated with a closure sound. 
In Group it a1 patients) the poppet. bounded away from the apex of > 
the. cage : arly: Sung t the on t pereo i and e returned to the - 


" یس‎ iene n ` Tren Pd Tuoi prosthetic valve 
E was due to backward aortic flow. dE pau aa 
edicine, : Cardiology P 1 ۱ m 


| me ر‎ A ng a ean pote of the ی‎ valve ar 
pee agnosis et ball eh A8 ; Radiographic e evaluati 














“FIGURE 1. Group |. Cinefluorographic study 
^ demonstrating movement of the poppet in rela- 
tion to the electrocardiogram, aortic pressure 
pulse and phonocardiogram (PCG). The plot of 

1 the poppet movement is shown at top. Each in- 
-dividual point corresponds to the cine frame 

. marker (4 msec square wave pulse of individual 
frame. exposure) and represents the position Of 
the. poppet for that particular cine frame. Each 
jrid point on the ordinate axis equals 1 mm. Se- 
lected photographs of the valve are shown with 
umber corresponding to a particular cine 
ame, as indicated by the cine frame marker. 
aper speed 200 mm/sec. Opening sound (OS), 
bm click (EC) and closure sound (CS) are 






















. 2300 series), utilizing cinefluorographic techniques 
- previously described, and to relate these findings to 
^ simultaneously recorded phonocardiographic and he- 
L2 modynamic events. 

Subjects and Methods 


Studies. were performed 2 to 3 weeks postoperatively in 
41 patients (33 male, 8 female) with a Starr-Edwards aortic 
prosthetic valve (model 2320). The ages of the patients 
ranged from 28 to 70 years (mean 56 years). Phonocardio- 
grams and carotid pressure pulses were recorded with a di- 
rect writing instrument (4-channel Schwarzer Physio- 
ipt-421) at a paper speed of 100 mm/sec with 10 msec 
me lines. The microphone was usually positioned at the 
mid-left sternal border, and recordings were made at both 
`" medium (70 to 230 Hz) and high (230 to 750 Hz) frequen- 
`. cies. Simultaneous lead II of the electrocardiogram was re- 

` corded in all instances. 

Immediately after the phonocardiographic study, cine- 
oe fluorographic studies were performed with the patients 
|; placed in a left anterior oblique position so that the base of 
the prosthetic valve was perpendicular to the X-ray beam. 
Cinefluorographie frames were taken at intervals of 16.7 
msec on 35 mm film. The duration of X-ray exposure for 
.. each frame was 4 msec. The cinefluorograms were obtained 
with an image intensifier (General Electric) equipped with 
a 9 by 6 inch dual field tube. Before the cinefluorographic 
study, a catheter-tip manometer (Statham, model P866) 
` was passed percutaneously through the brachial or femoral 
artery and positioned in the ascending aorta just above the 
. “prosthetic valve to record the aortic pressure pulse. In 12 
. patients intraaortic heart sounds were recorded from the 
























catheter- -tip manometer; in the: remaining. 29 patients an 
























external phonocardiogram was obtained at: 

sternal border. The electrocardiogram, . aort 
pulse and intraaortic or external phonocardi: 
displayed on the oscilloscope of a mul 
graphic recorder (Electronies for Medicine) as 
right upper corner of the cine frame (Cinetrage, 1 
for rere ` 



















wu 90 r msec panne lines. To determine the BRE 
dividual cine frame exposures to the events ins 




























du Edd. The cine fims ۰ were 
with a 35 mm iis HT Instrument € 









nonparailel Yama beams. Poppet. movement, : le 
mined du frame aye frame seira n was measured d 


ay 








“And replaced with an end-hole catheter for the supraaortic 
€ineangiogram. 

The 41 patients were classified into three groups 
rding to the behavicr of the poppet during ejec- 

















> -In 20 patients the poppet remained in a relatively 
fixed position at the apex of the cage throughout the 
` ejection period (Fig. 1). The average heart rate at the 
time of study was 87 beats/min (range 60 to 110). ‘The 
ascent of the poppet occurred simultaneously with 
he increase in aortic pressure and, in 14 patients, 
was associated with an cpening sound characterized 


by low amplitude, high frequency vibration (Fig. ! 























. FIGURE 2 





reach the apex of the cage (Fig. 1, frame 2), at whic! 
time an ejection click characterized by high frequen- 
cy, high amplitude vibrations occurred in all patients. 
During the rest of ejection, although the poppet re- 
mained in the apex of the cage, it made fine horizon- 
tal and vertical movements, as shown by frame by 
frame analysis. In all patients high frequency vibra- 
tions were recorded during ejection (Fig. 2A) and, in 
some, a systolic murmur was appreciated on auscul- 
tation and recorded on the phonocardiogram. The- 
descent of the poppet to a closed position began an 
average of 50 msec before the incisura (Fig. 1, frame 
4) and was associated with a closure sound character- 
ized by high amplitude, high frequency vibrations 
(Fig. 2A). The high frequency components of the 


z 7 Representative phonocardiograms from patients in Groups ۱ (A), II (B) and IIl (C). Note the opening sound and multiple systolic clicks 
The high frequency components of the ejection click and closure sound are of equal amplitude in A and B; in C, the amplitude of the clo- 


'sure sound is much lower than that of the ejection click. The unlabeled arrow in B demonstrates duplication of the ejection click. HF = high fre- 
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FIGURE 3. Group |. A, late systolic reflux of 
contrast material into the left ventricle. Frame 
1, during ejection; frames 2 and 3, during the 
descent of the poppet. The arrow points to a 
slight reflux of contrast material into the left 
ventricle. B, paravalvular insufficiency. Frame 
1, during ejection; frame 2, during descent of 
the poppet. Frame 2 shows some slight reflux 
of contrast material into the left ventricle during 
the descent of the poppet. Frame 3, taken dur- 
ing diastole, demonstrates a. moderate degree 
of paravalvular insufficiency (arrow). 































+ ejection click and closure sound in all patients were incisura, and stopped once the poppet was 


















oe of almost equal amplitude. No patient had a diastolic ^ the base of the valve (Fig. 3A). In two othe 
_ murmur detected on auscultation or phonocardiogra- _ regurgitation of a moderate amount of cont 


- . phy. However, supraaortic angiograms performed in rial continued into diastole as a result ò 


a 































> . TI patients revealed in 9 a small amount of regurgita- lar leak. In all 11 patients undergoing supraaortic ai 
^ tion of contrast material into the left ventricle. This giography, the long axis of the cage was parallel. 
. regurgitation occurred only at the time of descent of ig. 4A). 





the poppet, that is, 50 msec before inscription of the In one patient, a repeat study was performed 
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i = FIGURE 4. Relation of the prosthetic valve to- 
^ the base of the aorta. In A (Group |) the valve is 
.. parallel to the base of the aorta, whereas in B 


— (Group Il) there is a slight angle between the 
tong axis of the valve and the base of the aorta. 
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;. . FIGURE 5. Group i. Pho ocardiograms. taken 2 weeks postoperatively (A) and 2 months later (8), after an episode of bacterial endocarditis 


o Note the change in the relation of the ejection click and closure sound. Immediately postoperatively the high frequency Components of these: 
sounds were equal, but 2 months later the amplitude of the ejection click was lower than that of the closure sound. - ar ae 












































am rev ES ‘click. now “had half the 
the closure Pong (Fig. 5). Cinefluoro- 


uring ۳ and normal seating of the 
the base of the valve during diastole. A 
_angiogram اون‎ severe ee 





1 11 patients, after the initial impact of the pop- 
gainst the apex of tre metallic cage, the poppet 
unced. away from the apex of the cage (Fig. 6, 
Ta nes and 3. The average heart rate at the time of 


E ای یس‎ 7 io » thé vee 1 ni th 



















mained relatively fixed for the rest of the p 
riod (Fig. 6). In seven patients a double ejection clic 
was recorded after the opening sound (Fig. 2Band6) 
In all other respects the behavior of the poppet dur- 
ing ejection and closure of the valve and the phono’: 
cardiographic findings were similar to findings me. 
Group I. A supraaortic angiogram obtained in five 

patients revealed, as in Group I, a slight degree of re- 

gurgitation of contrast material into the left ventri- 

cle, during the descent of the poppet before the inci . 
sura (Fig. 3A). One patient had evidence of mild — 
paravalvular insufficiency. The long axis of the pros- 
thetic valve was parallel to the long axis of the base of. . 
the aorta (Fig. 4A). | 





Group Ill 


Ten patients had various degrees of premature: : 
partial closure of the valve during ejection ) Fig. De 
The average heart rate at the time of study was 85. 
beats/min (range 60 to 110). The ascent of the pop 
pet, as in Groups I and II, was accompanied by an 
opening sound and an ejection click (Fig. 7). The 
poppet, after its initial impact against the apex of the — 
cage, immediately descended toward the base of the | 
valve. It then remained in a relatively fixed, partially 
closed position during the entire ejection phase. In all 










FIGURE 6. Group Il. ae 
graphic study demonstrating the . 
movement of the poppet in. rela: ` 
tion to the electrocardiogram, aor- . 
tic pressure pulse and. phonocar- E 

. diogram. Note the descent of the ۰ 
M poppet during- any. ejection. ý 





| ` sponds 10 the popodt ascending . 
m ind Mode the. Rex of oS chi E 





ax. ۱ ‘the’ E of hé aortic pressure 
alse. In six patients the closure sound had half the 
amplitude of ihe ejection click (Fig. 2C). Supraaortic 
angiograms performed in four patients demonstrated 
slight aniount of regurgitation of contrast material 
ust before valve closure and before the incisura. In 
: ree patients a slight angle existed between the long 
"axis of the prosthetic valve and the long axis of the 
base of the aorta (Fig. 4B). 


| Discussion 


۳ uut opening: The Mê iê utilized 


-in this study provided a simple and reliable tech- 
nique for correlating the aortic pressure pulse and 
nocardiographic events with the movement of the 
metallic poppet of the prosthetic valve. Left ventric- 
ular ejection started. with the simultaneous ascent of 


both. the aortic pressure pulse and the poppet and 


was associated with an opening sound of low ampli- 
tude and high frequency (Fig. 1, 2, 6 and 7). Approxi- 
mately 30 msec after the onset of ejection, the poppet 
reached the apex of the cage of the prosthetic valve 
taneously. with an ejection click characterized 
high. amplitude, high frequency vibrations. The 
cause or the opening sound is not clear, but the ejec- 


GURE 7 ‘Groh. 1 تن‎ ES, d 

Study. demonstrating - the movement of 

.poppet in relation to the electrocardi- ê 
gram, aortic pressure pulse and phono- 


poppet after it strikes. the apex | of. ۱ the 
ا‎ ead 1 and A/S and ‘its adel 


۱ ee as in voie Y 


and closure d foie ‘the meth the i E 


from the aortic pressure pulse, der 
time ranged. from 27 to 55 msec. 11 
murs ۱ and سا‎ one ام‎ sis a 


S with h the i incisura of te. m 
and with a closure sound characterized | 
quency, high amplitude vibrations (Fig. 1. 
The closure and incisura should indicat 

ejection, but the aortograms indicate 
ward flow of blood ended approximat 
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d hoa the aone pressure pus 
- irue physiologic ejection time. 
“closure of the valve, backflow, of con- 
nto the left ventricle stopped, except 
" i paravalvular leak. 

20 patients who had postoperative aorto- 
rcent) had paravalvular insufficiency. 
atients, including the three with a para- 
k, had auscultatory or phonocardiograph- 
of a diastolic murmur. In all patients in 
e the ی یب‎ of pud ES rud 


8 jh ‘Group Tii with premature e 
Ve | the EE of oe closure sound 





ag st in one nse in ein I, serial guns 
diograms (Fig. 5) demonstrated that the ampli- 
Bective click was و تیب‎ lower than 





dist wi click Was Ae altera an irr 


TS u in S patent re- 
d no evidence of valvular malfunction, There 
7 diastolic murmar, but a supraaortic angio- 








raphic studies of poppet motion. This ob- 
gests that any patient with excessive he- 
ongestive hzart failure after aortic pros- 
ould undergo. aortography even in 


tia premature. e of the — m 










oa | tt 





the pot io rose cia ‘compl : 
` motion review of the cinefluorogram sh 
least one frame (4 msec) demonstrated omp 


tion at the apex of the cage, are determined solely y 
` such flow variables as the operational dynamic chár- 


and was rhc pind due to aes with a further increase in the relative velocity be- :‏ وی 


Thus! & ur patients. dt P deua insufficiency i 
id no diastolic murmur and had normal findings on - 


: f a diastolic murmur in order to rule out > 

`. be significant enough in some cases to cause the | P 
^ pet to experience momentarily a net instantane 
tical considerations: Dayem and > 
a. pulse duplicator, studied the __ 
poppet at various heart rates and — 
spe than. 50 beats/min the pop- ۱ 


`. the apex and base of the prosthetic valve (G 
` The slight tilt of the prosthetic. valve in. 
| the ascending. aorta (Fig. 4), noted in the pa 
D . Group. 111, may J bea factor that determines the 


n ou | study r revealed 1 no ier 


er teat y dunat Cle of the pros 





fference betw 










cent of the poppet followed by is d des 
(Fig. 7). | b 

The functional behavior of the various group 
aortic prosthetic valves examined can be explained 
by applying the hydrodynamic principles of resis- 
tance of a solid body in a fluid stream. The poppet is 
initially lifted from its seat by the static pressure dif- 
ferential across its front and rear surfaces and is then 
dragged along by the moving fluid. This drag force 


increases with the increase in the relative velocity be- 


tween the fluid and the poppet through | the combined 
effects of viscosity and static pressure.!4 The instan- 
taneous location, velocity and acceleration: of the 
poppet, and thus its terminal velocity and accele 







acteristics of the heart and the configuration of. the 


`. ascending aorta. 






When the instantaneous drag force eeu by & 
the poppet persistently points in à downstream direc-. 
tion, the ascending poppet will come to a standstill at 
the apex of the cage (Group I). Under certain circum- 
stances the drag force on a sphere placed in a free 
surrounding stream may undergo a sudden decrease. 






tween the fluid and the sphere caused by the delayed 
separation of the viscous boundary layer along the 
surface of the sphere.!® The point of separation ofthe 


` boundary layer, previously located near the equator 
of the sphere, is suddenly relocated to a position ata 
`. considerable distance in the downstream: direction. 


Consequently, the stagnant wake flow region of the 


sphere bounded by the separated boundary layer is 


greatly reduced in size, resulting in a sudden reduc- 


tion of the drag force on the sphere. In the case of a 
poppet working in a confined passage, there exists 
`` during the forward flow portion of the cycle a for- 
 wardly increasing pressure gradient. around the pop- 
 pet.!9 The influence of the pressure gradient on the 









imbalance of surface forces around the poppet. could. 


push toward. the base of the valve (Group ` ID. or resul ; 
in a new site of quasi-equilibrium halfway between 













nus ridge, forming Sine هب‎ E e 
difference between the main aortic stream 


inus vortex results in persistence of the 
tex after peak systolic flow. -As a result of 
low ‘deceleration, pressure on the sinus side of 
isps exceeds that on the aortic side. This pres- 


ase difference, caused by trapped vortexes in a 


s, results in a steady closure of the cusps after 
lie pressure. Final closure of the valve re- 
mir es don little. reversed flow. Finally, it has been 


role in the. dose of ti 


closure is ney depend ent on. 
` flow. os 
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_ We measured relative ventilation, perfusion and. d ventilation/perfusion ns 
- ratio of the left versus the ‘ight lung using a radioactive. xenon method: S 

































` fusion ratio of the left ding was ‘significantly les in these patients than qus 
| in 1 1 normal subjects à and there was a significant negative correlation nee 





۲ intravascular pressure. ` There. was little difference between relative. 
` perfusion of the two. lungs, and the reduced ventilation/perfusion ratio 
`“ of the left lung seems to be mainly. due to relative hypoventilation, per- 
-haps the result of compression or distortion of the left main stem bron- 
chus. None of the patients had more thana slight 1 reduction in the ven- — 
| tilation/perfusion ratio of the left lung, and it is not likely that between _ 
lungs differences in regional: function significantly affect the efficiency a 
` of gas exchange. 3 
... We found no significant correlation between the relative ventilation/ e 
i perfusion ratio of the left. lung. and pulmonary intravascular pressure in 
10 patients with mitral stenosis studied in the supine. position. TW. 


AS iod EEE i Dollery and West! and ‘since R a by. 
several investigators, i in mitral stenosis there i is reversal of the. ape 
to base gradient of pulmonary blood flow normally observed in seated. 
subjects. None of these investigators described a difference between ~ 
the relative function: of the right. and left lungs, but. Spellberg et تاو‎ > 
have recently reported that in acquired heart. disease the relative ven- ` 
tilation/perfusion ratio of the left. lung i is abnormally reduced. Using = 

` lung scans, they studied their patients in. the supine position only and 
recorded the percent of total counts over each: lung during ventilation ۱ 

| (inhaled xenon) and. perfusion > mo PPtechnetium- - ۱ 
. albumin). bs 
. . Since T a c. perform E. scans after ST of - 
3 ook they could not analyze relative ventilation/volume and. rela- - 
zen tive perfusion/volume ratios separately. We have recently revie 
= some of our own data on relative regione v ventilation 1 rand d perfusio 










Fr dence a of hypoventilation o of the left lung. 3 ۰ 





^ Method - 


| ” Regional ine pti was: yT bs & i 1 niodi 
we - Bal et al.,® that has been described in more detail in ore 

fe laboratory." oe The pi tient sits erect. in a chair ib 
E An ۲ n 1 5. e of i e chest. "he 3 et 













ni Uc andas capacity breath canki of. an initial 
or 25 percent of his measured inspiratory capacity, 
hever is less) of !S?xenon in air and the remainder of 
m air. Again he holds his breath at his total lung capaci- 
while the count rate is recorded for 5 to 10 seconds in the 
vo positions of the detector rack. ۱ ۱ 
‘Both ventilation and perfusion m measurements were per- 
rmed in duplicate and the results were averaged. At the 
id of the study, the count rates were recorded during 
jreath-holding at total: lung capacity after 5 minutes of re- 
breathing !33xenon in air from a closed circuit spirometer. 
Calculations: It. was assumed that after the patient had 
33xenon in air for 5 minutes the isotope con- 
was- uniform throughout the lungs. Therefore, if 
| per i unit volume were uniform throughout the 
۱ same fraction of the total counts should be re- 
he left lung after the intravenous injection of 
fter r ebreathing. The relative Lid of the 
is defined. as oo 


tes des Qu = = L/T) Raf Tg) ۱ 
| pisi the. sum of the count rates recoiled. at the 6 left 


cto! . positions. after intravenous injection of | 
Tp is the count rates summed for all 12 detectors | 


itravenous injection, Lg is the left lung total 
ifter rebreathing and TR is the count rate after 
hi ng summed for all 12 detectors. Similarly, ۱ 


AG = ds / Ty)/ nd TR) 


a: 


SLKRBSSSSRRSSSS 


* 


* 


1.01 
.0.978 
30.015 


ies of sree ae ee Lone. 
rometry and determination of lung ٩ 
meta aP and arterial bloos Dod 


42 Dysart): Ten s additional potionis s with 
studied in the supine position, but n 
were available from normal subjects in thy 


Results 


Sitting Position 


N ormal subjects: In 11. noris sub 
ventilation. per unit volume and perfusio 
volume were almost equal in the left. and 
(Table I). Values for Vi, ranged from 0 
Qi from 0. 90. to 1. .07 and for VQ f 0 
The average : normal VUQ. ratio was 1 
the value of 1.02 reported by Spelli 
ciates? in normal s supine subjects stud ۱ 
different method. - : 

. Mitral stenosis: In the patients W. 
sis, the left lung was slightly less we 
unit volume than in normal subjects 
ence was not. significant at the 95 pe 
level (P «0.1 by one-tailed Wilco 
test). Qr, values differed. little i in nori 


Vi/Qr.- 
0.88 33527 
1.14 E 
0.93.  . 60/235 
1.008 40/20 
1.01 . 2 
100 36/12. 
0.95 34/8 
0.94 ` 80/32 
0.99 | 35/12. 
0.97 . 6 
103 29/6 | 
1.00 56/31 
L0] 7 * ۵ IT 
0.9. © 40/19 E Ev 
1.00 . : 45/7 M 
0.987 46.9/18.9 2L4 
+0.016 ۰ +4. ae 2 ER. 9. 
1.004 ۰ 





























tions as in Table |. 


nütrál Sibi In patients with ENT 
he relative ventilation/perfusion ratio of the 
(Vi/Qi) was significantly less than in nor- 
P «0.05 by one-tailed Wilcoxon's rank- 
atients with mitral stenosis ۵ 
gnificant negative rank correlation (rs) 
non ary arterial systolic pressure (rs = —0.56, 
and. with pulmonary capillary wedge pres- 
0.56, P «0.05) but no significant correla- 
۱ arterial oxygen tension. Vi, and Qi showed. 
cally. significant correlation with pulmo- 
intravascular pressure or arterial oxygen ten- 
‘Left/right ventilation, perfusion. and ventila- 
u values were not significantly different 












perfusion a analyzed separately in 
pper and 
















with i increasing pulmonary intravascular pres- 





a in Table II. We had no comparable 








are giv 
















۱ nean arterial oxygen tension was 1 
eas. m the. > supine. eA de the 










. tients with acquired heart disease i in the supine posi- 
. tion: 'That is, the relative ventilation/perfusion ratio o 
of the left lung i is abnormally reduced in the patients ` 


۱ ۱ ts. Th t diff » 
ower zones were slightly less in patients ۰ trol subjec ere was no significan ifference in 


1 itral stenosis than i in i normal D on none 3 


itral سا‎ vule pi and that both rcd s | 


data om | patien 28 studied i in E supine posi- EL 
m normal ریب‎ in this — As sv ۱ 


` that when regional ventilation is measured with an 


A many nl by itive der ; 
o Inour stu dy : and i in tha spt Sper rg 





0.996 447/9.8 


40.08 44.5/22.4 | ^20 39 
Discussion. 


Our results i in seated. patients. with mitral stenosis * * 
agree with those of. Spellberg et al^ obtained i in pa- Be 





and there is a significant. negative correlation be- 
tween this ratio and pulmonary. intravascular pres- 


'sure. Our method. allowed us to measure relative ven- 


tilation/volume | and. perfusion/volume. ratios sepa- e 


rately and our results suggest that the reduced venti- = : 
` lation/perfusion ratio of the left lung is due mainly to 





hypoventilation but there may be some contribution - GE 


from relative overperfusion of the left lung since QL > 


was slightly greater in patients. than in normal. con- IG 





the ratio of left to right lung ventilation in the upper " 


and lower zones. This finding suggests that there. is EU 


underventilation of the whole left lung, perhaps asa > 
result of compression or distortion of the left main ~ 


stem bronchus. Most of our patients did not have. ۱ 


marked cardiomegaly, and it is not likely that expan- 
sion of the left lung was impeded by enlargement of 
the heart into the left hemithorax..  . 

The abnormality of. regional function relations of. - 
the right and left lungs in mitral stenosis is very. =. 
slight compared. with the gross distortion of the nor- 
mal relative function of the apex and base, and iti 
not surprising. that it was not commented upon in 
previous studies of regional lung function. in mitr: 
stenosis.” However, another: explanatio 1 might be 
























inspiratory capacity breath entirely labeled with: Tä- 


dioac tive gas as in the studies of Dawson,” F lughes? 












een V E ae or ye 


n or pulmonary ` there 


a our patient aty ea were a diffen 


es in our clinical material. Nor is it clear to us why 
found no instances of marked relative hypoventi- 
ion E the left lung. such : as those e by 


tion ی‎ sme to artérial hy ipoxem 
heart disease. However, it should 1 
that most of. our patiente: had a a nor mi 
gen tension. 
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idiopathic orthostatic hypotension offers. a unique ‘opportunity tos 


the effect of chronic autonomic insufficiency on circulator dyna 
in man. Evidence of abnormal cardiac performance was found in eigh 
۱ patients with idiopathic orthostatic hypotension. secondary to efi 


adrenergic dysfunction. Compared with normal subjects these patients : 
had a lower cardiac output (2.37. liters/min per m?, P. <0.001), faster 


` heart rate (83 beats/min, P <0.001), smaller stroke volume (30 mi/ 
 m?, P <0. 001) and slower rate of left ventricular ejection (107 mli/se 
per m?, P <0.001). Intravascular volume was also reduced (90 per- 


cent of normal), (P «0.01 ), but this reduction could not by itself ac 


. count for the marked decrease. in cardiac. output (75 percent. of nor 

| mal) since there was no correlation. between the two variables (r 

0. 269, not significant). ‘The ratio of stroke volume to cardiopulmonary 
volume was reduced (P <0. 025), thus suggesting: that impaired 


cardial contractility might be partly responsible for the defective « cardi- 


` aC performance. Although failure of peripheral resistance. is the. basic 
mechanism in idiopathic. orthostatic. hypotension, our results i indicate 

` that impaired cardiac function possibly related to cardiac denervation 
may also contribute to the poor circulatory adjustments i in this disease 


Idiopathic orthostatic hypotension isa E rare  disea T 


runs à progressive but fluctuant course leading to disabilit beca 


of severe. postural symptoms. The clinical features are well | 


and have been described in detail.!-* Various tests of aiifononiic fant ; 


tion have suggested impairment in different, portions. of the barocep- 


tor reflex arc in different patients. 5 Failure of reflex arteriolar con- 
striction and defective venous return have been demonstrated to be _ 
the hemodynamic end result responsible for the reduction in arterial . . 
pressure with upright posture.$? However, except for isolated case. . 


reports dealing mainly with postural adjustments, 9? there has beer 
no reported investigation of blood volume or supine hemodynamics 
in this disease. Since our initial studies suggested alterations in these 


functions, the question was s raised whether impaired cardiac perfo 


mance might párticipáte i in the postural maladjustment i in som 


۱ tients. 


"This report is. baad. on a ene of eight patients ‘with idiopath 


| thostatic hypotension due to efferent adrenergic dysfunc 

 .. tions in cardiac output both at rest and during head-up tilt we 
`. .. related with changes in. intravascular and cardiopulmc 

. to assess cardiac performance in Hie presence: of cchroni 


E insufficiency. 





Sphincteric 2 


Dis- 


7 CR Sx Sek 3 (mo ` Anhidrosis impotence turbances 


All complained of ka F consciousness associ- » 


th a documented decrease in arterial pressure when 


the fainting spells occurred only on standing, often 
atic suddenness, and were preceded. by symp- 


jonomic dysfunction, such. as nausea, pallor or 


as no demonstrable cause for the postur- 
ion in any patient; one had abnormal results of 
> tolerance test on one occasion, but he presented 


f somatic peripheral neuropathy. 


The duration of postural | symptoms ranged from 2 
nths to 5 years (median 24 months); more uniform and 


e impressive was the history given by each patient of 
rked variability, sometimes from day to day, i in the fre- 
ncy and severity of symptoms. In spite of these fluctua- 


ns, progressive deterioration occurred in most. The other - 


nical features of the disease are summarized i in Table I; 


e patient was the subject of a previous case report.!? Im- 


tence. preceded the onset of orthostatic hypotension in 


failure to maintain erection was noted first, followed 


by complete impotence. Of interest was the 20 year in- 
val by which anhidrosis antedated the postural symp- 
in Case 1.. A psychiatric- depressive illness was diag- 


sed in four cases; Shy-Drager disease was suggested as a 
Ly in one. One patient (Case 6) had severe chronic 


emphysema and mild respiratory insufficiency. 
atients were. hospitalized but were encouraged to be 
ive as possible; neither their activity nor diet was re- 


stricted. All medications were discontinued for at least a 


Neuropsychiatric Symptoms 


None — 
Shy-Drager ? 


Depression; 


early Parkinsonism 
Depression 
Depression; - 

brain stem _ 
. vascular disease - 
Depression 


None | 
None 


2 = Findings 


۰ None det 
. Renal arterial disease ۳ 
۱ None | 


Urinary: tract infection. . P 


Hiatus hernia ۱ 


Chronic obstructive empt 


۱ ful ‘adel arithmetic; i in: ۱ addition, a ndi. sw 

performed in four patients. Responsiveness of 
tor center was tested by hyperventilation for | 
Phenylephrine (25 and 50. ug intravenously) 
evaluate receptor responsiveness of arteriolar: 
cle. To investigate vagal participation in the 
rate responses to intravenously administered à 
and 0.04 mg/kg body weight) were compared - 
head- up tilt. All tests were performed ` E 
monitoring of the electrocardiogram : andi in ra 


sure. 


‘Hemodynamic Studies 
Plasma volume was determined | in seven a 


Risa® (!?!] or !?5]) in the morning after a 
and at gcn 30 to 45 minutes of - SURE res 


io: minimize yr eol duet to Kain or ee 
lations of data from ù both men and women, e 


before the studies. A careful history ensured that _ ۱ 


€ of them had had vasoactive, antidepressant or seda- 
e medication. for at least the pr ceding 6 months. Bra- 


eee. prosstiré was: record am in the hospital. four t » i artery, pedo. In three patients (Cases 1 : a 
on 


os the iw ath te sw 
‘and eds averages were ی‎ with daily B e two catheters 


uations and with presos: obtained during the hemo- te E 












GURE 1. Art 































of the system was s détermined in each case sepa- 
he cardiopulmonary volume calculated as the 
ct of the corrected mean transit time and blood flow 
8 Control values were derived from results of 
dies of normotensive volunteers, many of which 
viously reported.!^16!7 Standard statistical 
used to calculate averages, standard devia- 
| errors and correlation coefficients as well as 
significance of the results. Results are ex- 
S averages +1 standard error. | 


Results 


5 olic. ees inl ۲ after a Valsalva maneu- 
(Fig. 1) and by the inability to maintain arterial 
sure in ne d post ice us ID. That the 


increase in iced pressure induced v sen dg‏ ی 
and by a depressor response m hyperventila-‏ 1 


simi pathetic system; this finding was also sup- 
ied lack or blood Rr 1e Ponne to cold or 


cantly a the. severity of. hypotension. pe head. pT 
-tilt (r = —0. 805, P «0.05); this correlation, however, P 
"Hid not it include I Patient 3 teferted cuc (Fig. 3) 





erial pressure response to a Valsalva maneuver in a normal subject (A) and a patient with idiopathic orthostatic hypotension (B) iL ۱ ۱ : 
strating the absence of pressure overshoot after release of straining (phase 4). 5 ۱ 


ephrine evoked a pressor response of varying magni: — - 


tude indicating intact receptor sites in arteriolar 
smooth muscle. With the increase in blood pressure, 
heart rate slowed in all by 8 to 14 beats/min, thereby - 
indicating adequate baroceptor sensor and central . 
connections and at least a partially functioning effer- 
ent vagal mechanism. 


Changes in Heart Rate 


All patients but one had a rapid resting heart rate- p. ; 


(average 83 beats/min); the single exception (Case 3)  . 
has sinus bradycardia and his findings will be dis- . 
cussed separately. Various degrees of cardiac acceler- 


ation developed i in all during head-up tilt (Fig. 2); the m 


average increase in heart rate (14 percent) was not 
different from the normal response (16 percent). In- 
travenously administered atropine accelerated the 


heart rate (11 percent) to about the same degree as ir 


head-up tilt, but significantly less than the normal 49. 
percent reported by Heimbach and Crout” or the 4 ` 
percent determined in hypertensive patients in m 
laboratory (Tarazi et al, unpublished observations). 


Plasma and Total Blood Volumes 


All but one of the eight patients had eT T. 
plasma (90.4 percent + 3.0, standard error) and total | 
blood volumes (89.9 percent. x 3. 0) (Table II. Ti 
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osm amon 


N= NORMAL CONTROLS (29) 
| OH = IDIOPATHIC ORTHOSTATIC. HYPOTENSION 8 


[= se 


ne hemodynamic indexes in 29 normal subjects and 8 | patients with idiopathic orthostatic hypotension. cl = cardiac index. ; 
MAP = “mean arterial pou MRLVE = mean tate pr ‘left ventricular e SI = stroke volume index; TPR = total [oi pa 













































| conte sie i the rapid heart rate of Sipe "These = 

_ differences might have been related to the variability 
` in the course of his disease; whereas he had marked - 
` postural hypotension when seen initially, his symp- 

Qu f ` toms and hypotension lessened considerably without. . 
ies ` treatment during his hospital stay. With exclusion of 
HE Fig. 4): Cardiac index was this patient, the change in peripheral resistance wit! Ce 
nin per m?) than our normal values tilt averaged +2.4 percent. "E 
r, because all patients were more. ` Cardiopulmonary blood امن زو‎ . (Table TV): 









his comparison might not be valid. This volume in three patients averaged 498 + 86 ml/ 

cts had. a mean age of 35 years. ۰ m?, which was significantly lower (P «0.05) than av-_ 

age- -adjusted values derived from erage for eight normal volunteers (657 ml/m?). As ex- 

: al.,2! cardiac index was lower than pected, cardiopulmonary blood volume was reduced - 
five men but was normal in the three during head-up tilt both in patients and in normal - 
| the averege for the whole group was. subjects (341 + 18 and 515 + 18 ml/m?, respectively, - 

different from normal for age. How- . P <0.005); stroke index was reduced by 47 percent to .- 
| dex (30 + 3.1 ml/m?) was very low —. — 13 ml/m?. However, more significant for this study - 
ompared. with values in our normal popula- ^ than changes in absolute values was the correlation 





1.0) or age- -adjusted values (41 + 2) (P ^ between cardiopulmonary blood volume and stroke. E 
t E nt was no relation between the volume; the two were correlated both in patients (r = 
0.937) and in normal subjects (r = 0.873) at a high Ln 
level of significance despite the small number investi- — 
gated. This relation, which has been reported also for _ 

` other conditions,!92223 helped evaluate cardiac func- 
- tion, a low ratio of stroke to cardiopulmonary volume. 
indicating diminished cardiac و‎ Patients | 

. had a significantly lower ratio (0.050 + 0.004) than - 
normal subjects (0.061 + 0. 002, P «0.01). With head- . 
up tilt, the ratio barely changed among normal . 
subjects (0.061 to 0.057) but dropped to 77 percent. of . 
: its resting value in patients (0.050 to 0.039). However, . 
p numbers were too small to achieve statistical signifi, 
erage ico He, 28 Wen. E ` cance. Essentially, the same results were found for | 
c pressure was. associated with a E the ratio of cardiac output to cardiopulmonary vok E 












5 Discussion ۱ ۳ 
Idiopathic orthostatic e hypotensi o has bios d 
teri 





r ican ‘Tse (26 percent + cl 
ormal i increase of pe os ^ 


cl / CPVI SUCPVI 


Cl= = cardiac index; CPV = O blood volume (ml); CPVI = cardiopulmonary blood volume per square ie 
face area; A 95 CPVI = change. of CPVI with head- -up tilt in percent; SI — stroke index. TUE 


decrease was associated with a rapid heart rate (P . 


«0.001), a small stroke volume (P <0.001) and a very 
low rate of left ventricular ejection (P «0.001). Con- 
traction. of intravascular volume (90 percent of nor- 
mal) was another feature of the disease. As shown by 
ead and Ebert, failure of peripheral resistance was 
he main mechanism for orthostatic hypotension; 
however, these other abnormalities indicate the wide- 
spread circulatory effects of chronic autonomic insuf- 
ficiency. 
“The rapid resting deant rate in these patients 
night. be related to. partial cardiac denervation; Jose 
ind. Collinson?* demonstrated that pharmacological- 
nervated hearts had a faster rate than normal. 
nvolvement was also demonstrated by the 
er degree of cardiac acceleration with intrave- 
y administered atropine (11 vs. 49 percent in 
nal subjects). However, the acceleration of rate 
h head-up tilt and its slowing with the pressor re- 
onse to phenylephrine belied total denervation. 
The close correspondence in most patients between 
- the chronotropic effects of atropine and of head- -up 
tilt. (Fig. 2) suggested that cardiac acceleration in 
'£hese patients was mostly mediated by modulation of 
their residual vagal tone. Leon et al.?? have also indi- 
'ated the importance of reflex parasympathetic stim- 
ulation and withdrawal in controlling heart rate re- 
sponses to changes in blood pressure. 

In spite of the rapid heart rate, cardiac output was 
uced. The reduction was not due to cardiac de- 
pensation, since there was no clinical or. radiolog- 
vidence of heart failure, and the patients had a 

contracted rather than expanded blood volume and 
a reduced rather than increased cardiopulmonary 


E ; volume. 23 


. . Causes of reduced cardiaé output: Cardiac out- 
put decreases with | age,?! but despite the prevalence 


^ of older people among the patients investigated, the 
ra reduction in output in idiopathic orthostatic hypo- 


p: tension could not be explained on this basis alone. 


a Cardiac indexes in most patients were significantly 


lower than the values predicted for their age group,?? 


` and there was found no relation in our patients be- 


tween age and reduction in output. The possible re- 


. duction in activity due to the hypotension was proba- _ 
bly nota significant. factor; the patients were encour- 
aged not to stay in bed, and there is no evidence that 


A uini. cild be: comprom 
with ave کسوس‎ orthostatic و‎ 1 


mn 90. 4 a of SORA. respectiva] 1 


a significant correlation (r = —0.80. 


tween intravascular volume and t 26 re 


mean arterial precure with head- 


ieul 
alio the reduced: ratio of. e output t M 
monary volume. This ratio was shown to be; i 
index of cardiac performance?5; increase o 
contractility by isoproterenol resulted i in a salit 


olo! led to the opposite effec. EC 
Impaired myocardial ی‎ A Lik 

investigators, !&!8,22 we found a close relatio 

stroke index and cardiopulmonary volume 


context, an increase in the latter with yut a cc 


sponding rise in stroke index would. imply di 


more blood i is ihe in ie heart and long 
was the case in patients with idiopathic o 
hypotension who had a significantly lower 
stroke to cardiopulmonary volume at rest t 
mal subjects. Further, this ratio was reduce 
percent with head-up tilt, whereas dt sei 
changed in normal subjects. . EIS 
Diminished venoconstriction? a ‘expl 
part the impressive reduction in cardiopu 
volume and cardiac output during tilt 
with idiopathic. orthostatic hypotension (3 
او‎ in ۱ normal ete, b: eee H 


even i prolonged" immobilization will | reduce cardiac _ je n De ae A mien 





























































Tt js red dal factor may iol semine be 
1g ben alteration of the muscle but may 


5, Eggleston C: Postural hypotension: a report of 
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i rent and efferent autonomic failure. Clin Sci 41: 


; ای لو‎ AG, ioe EJ, Branjes CF: Hemodynamics of 
: Honan orthostatic hypotansion. Am J Med 30:26-38, 1961 
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e in ee its correlation with clini- 
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| hospital: ‘Some Baie duh: idiopathic tS ho 
۱ hypotension were found to have low levels of iu Asn 
renin activity. and urinary aldosterone. excretiot 
rest?^36 that did not rise with sodium depletio 
Gill et al.37 presented some evidence for impaired so 
dium conservation during guanethidine therapy 
However, study of that aspect in our patients (Bravo. 
et al., unpublished observations) did not reveal an; 














impairment. in aldosterone response to, or sodium ae 
conservation during, a period of low sodium intake. €. 
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m The evolutionary. pattern. of ‘occlusive. coronary arter 
`` studied by comparing. coronary. ‘cinearteriographic findings 


catheterizations of 85 patients. Fifty-six percent of 1 


ed patients with coronary artery disease were found to 


sion of occlusive coronary artery. disease in the repeat 
tients. who had progressive coronary artery fin du 


Pe with NOTRE: disease in age and d n d 


` sive and. d nonprogresiivé disease. 


. Progression of occlusive coronary. "er discuss 
with a greater deterioration of cardiac function. Ca 


. creased significantly in patients with- progressive disez 
.. change very much in patients. with nonprogressive dis 
‘patients with progressive disease, two had a myocardi. 


tween catheterizations, whereas none: ot those with 
disease. had infarction. Electrocardiographic. findings 


` both: groups of patients, except for new infarction char 
. tients with progressive disease. who sustained an infa 


| graft bypass surgery were f found i in the seco i st ly a 
_ 10.1 months) to have proximal occlusion of a distally 
with a patent graft. Progression of disease in nongrafted 0 


ries was found in 6 percent of the ‘Surgically : reated gra 


.. tients who had internal mammary artery implantation, tw 
۱ gression of coronary disease in a repeat study. E 


Conclusions regarding the evolution and progressioi 


tery disease should be drawn only from medically treat 


since coronary artery surgery may alter the natural course f 


ease. Medically treated patients who are reconsidered fo 
treatment should have a repeat catheterization o dete 


in distribution of occlusive EO artery d disease andi 


; tion. 


The exact. pathogenesis of ی‎ in general, and 2 
artery disease i in n particular, is not yet clear. Stu Hia : 


gressive lesion. 1 Knowledge about the progressio ۱ h : 


jn man is based. mainly on morphologic and p 
, davers and ipw specimens. Information ab 





PROGRESSION OF CORONARY ARTERY DISEASE—BEN-ZVI ET AL. 


TABLE ! 
Clinical Data of the Medically Treated Patients 


PLI ET]EXZETO 7 DÉET)  ELEZEL£LLTELZTTEEET ÉL] DTELBEIÁZZMIZE ^ ^ ÓZÓIT]^»pLTÍZITÍIZLTZITIT p] D1£1^ .BÍIZI[ILÍTIIÍIEIIIIZTIT.ZZ[P2 IECZZCEELLÓSDEÉELZLTEZLZLTLSZSSSÉ‏ و س ل ل 


Patients with Progress ve Coronary Artery Disease 


Patients with Nonprogressive Disease 


س ل 


Symptom 
Age (yr) Duratio1 Functional 

Case no. & Sex (mo) Class Risk Factors 
1 54F 1/4 Il FH 
2 38M 24 ۱۱ Sm, Chol, FH 
3 52M 1 H Sm 
4 51M 60 H Sm, Chol, DM 
5 50M 5 II Sm, Hyt, FH 
6 55M 10 Hl Sm, Chol 
7 58F 60 Hl Sm, DM, FH 
8 33M 60 ۱۱ Sm 
9 61M 48 Hl Chol, FH 


Symptom 
Age (yr) Duration Functional 
Case no. & Sex (mo) Class Risk Factors 
1 48M 60 ۱۱ Hyt, DM, FH 
2 51M 36 H Sm, Chol, FH 
3 54F 8 I Sm, FH 
4 48M 18 ۱ Sm 
5 39M 24 H Sm 
6 61F 24 1 Sm 
7 56F 10 ۱۱ Sm, Hyt, FH 





Chol = elevated cholestero level; DM = diabetes mellitus; FH = family history of coronary artery disease; Hyt = hypertension; Sm = 


smoking. 


formed in the same patients at different times. We 
report here the cinearteriographic evolution of coro- 
nary artery disease in 16 patients who were treated 
medically and in 69 pat-ents who were treated surgi- 
cally. 


Material and Methods 


The distribution and exzent of occlusive coronary artery 
disease was analyzed on the basis of the findings in repeat- 
ed coronary arteriograms in 85 patients. Sixteen patients 
who had occlusive coronary artery disease and who were 
treated medically had rep2ated coronary arteriography be- 
cause of persistent and/or progressive symptomatology and 
reconsideration of surgical treatment. Sixty-nine patients 
were restudied following cardiac surgery. Sixty-five of 
those underwent aortocorcnary artery saphenous vein graft 
bypass and four had internal mammary artery implanta- 
tion. Only patients in whom technically satisfactory visual- 
ization of all three major coronary arteries in several views 
was available are included in this series. 

Cardiac catheterization was performed in the unanesthe- 
tized fasting state. An informed written consent was ob- 
tained before all studies. Coronary arteriography was per- 
formed utilizing either the brachial artery cutdown or per- 
cutaneous femoral techniques. Right and left heart cathe- 
terizations were performed using standard techniques as 
described elsewhere. Cardiac index was determined from 
indocyanine green dye-dilution curves. Left ventricular 
contractility was evaluated by single plane ventriculog- 
raphy.? Renografin-76 was used for ventriculography and 
coronary arteriography. Extent of occlusive coronary artery 
disease was expressed as the percentage of narrowing of the 
arterial lumen. For purposes of comparing the extent of oc- 
clusive coronary artery disease in different patients, we 
scored anatomic distribution in six recognizable divisions 
of the coronary arteries: the right coronary, main stem left 
coronary, left anterior descending and its diagonal branch, 
circumflex and margina branch of the circumflex. The 
scoring system we used is based on the patency of all six 
segments. À normal artery was scored as 100 while an ar- 
tery with an 80 percent occlusive lesion, for instance, was 
scored as 20. Thus, a normal coronary arterial tree would 
have a rating of 600, and the lower the score, the greater 
the extent of occlusive disease. 
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Results 
Medically Treated Patients 


Of the 16 patients who were treated medically, 9 
(56 percent) showed progression of occlusive coro- 
nary artery disease in repeated arteriography and 7 
(44 percent) had the same extent of disease (‘Table I). 
The time interval between the coronary arteriograms 
ranged between 5 and 56 months (average 29.1 
months) in the group with progressive coronary ar- 
tery disease and 8 to 61 months (average 25.6 
months) in the patients with nonprogressive disease. 
There were three women (22 percent) and six men 
(78 percent) in the group with progressive disease, 
and three women (43 percent) and four men (57 per- 
cent) in the group with nonprogressive disease. Age 
ranged from 33 to 61 years (mean 50.2 years) in the 
group with progressive disease and from 39 to 69 
years (mean 51 years) in the group with nonprogres- 
sive disease. Duration of symptoms before the first 
catheterization ranged from 1 to 16 months (mean of 
29.8 months) in patients with progressive disease and 
from 8 to 60 months (mean of 25.7 months) in pa- 
tients with nonprogressive disease. Of the patients 
with progressive disease, five had class II angina and 
four had class III angina at the time of the first cath- 
eterization. Of those with nonprogressive disease, one 
patient had class I, four had class II and two had 
class III angina. 

Risk factors: Seven (78 percent) of the patients 
with progressive disease and six (86 percent) with 
nonprogressive disease smoked more than 20 ciga- 
rettes a day. A history of elevated cholesterol blood 
levels was obtained in 12 patients (44 percent) of the 
former group and in only 1 patient (14 percent) of the 
latter group. À history of hypertension was obtained 
in one patient (11 percent) of the group with progres- 
sive disease and in two (29 percent) of the group with 
nonprogressive disease. Diabetes mellitus occurred in 
two patients (22 percent) of the former group and in 
one patient (14 percent) of the latter group. A history 
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icular contractility were noted in 67 per- 
atients with progressive disease, but in 
t of the group with nonprogressive dis- 
iac index decreased significantly (P «0. 05) 
i mer, but was not significantly changed in 
latter. The impairment of ventricular contractili- 
and the decrease in cardiac index could be antici- 
ated in patients with progressive coronary artery 
isease i 
1 disease, deteriorazion of cardiac function is a 
eriou: consequence of progressive disease and may 
ear. upon consideration for surgery. Progression of 
isease may increase the risk and interfere with the 
dts of coronary artery. bypass surgery because of 
e deterioration of cardiac function, even if the le- 
are bypassable.- 5 
linical course: Conclusions regaräing the clini- 
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small, 


‘of the medically «ded patior 1 i 


ts 
jö. had excellent clinical ۳ nts, 
۹ with deterioration of TT cti 


ee were found to be: 


than that of those who were treated in 19 mon QU E 


months). The incidence of progressive coronary arc 


tery disease (6.2 percent) of nongrafted vessels in pa- ۱ 


| tients who had bypass surgery is lower than the inci — 


dence in the medically treated patients (56 percent). 
This is, of course, expected. since the medically treat- .- 
ed patients had repeat studies because they con- 
tinued to have or had an increase in angina, whereas 
the postoperative studies were serially performed. " 
The smaller incidence of progressive disease in the 
surgically treated patients is also. explained. by the ~ 
facts that catheterizations were repeated at shorter 
intervals and that statistically these patients hada - 
smaller vascular bed for development . of. occlusive i 
disease since the grafted. vessels: are e disregarded. in 
the scoring. | Coq 
Proximal occlusion of the coronary artery that. is ^ 
perfused by a distally connected patent bypass graft - 









` should not necessarily be considered progressive cor- - 
onary artery disease. Hemodynamic and other factors ` 


may be responsible for this phenomenon. 89 We docu 


mented such proximal occlusions in 17 percent of the © 


surgical patients, and they have been. reported. by... 
others.1012 Since we demonstrated progressive dis- — 
ease in only four bypass patients, we cannot draw = 
conclusions about its effect on the clinical outcome. . 
However, two patients with patent grafts had clinical: Él 
improvement in spite of progressive. disease. Thein- 


. cidence of the latter among patients who had internal z 


mammary artery implantation is similar to that of - 
the medically treated patients. This could be antici- > 
pated since their coronary vessels were not interfered 
with by surgery and they were also selected patients ` 
who. had repeated catheterizations. because of lack of =n 
clinical improvement. 
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Isopotential distribution maps were recorded before and after infarc- 
tion in five dogs with an induced lesion in the circumflex branch of the 
left coronary artery and in five dogs with an occlusion created in the 
ventral interventricular branch by a closed chest catheter technique. 
Maps of “lost” potential distribution, derived by subtracting time-equiv- 
alent postinfarction maps from the dog's original or base-line maps, 
proved to be remarkably consistent in their configuration with respect 
to the location of the myocardial lesion. Even when the small, discrete 
infarctions, documented by histochemical postmortem examination, 
went undetected by conventional vector and scalar cardiography, the 
difference" technique not only verified the presence of the lesion, but 
also served to predict its location. 


A number of investigators!-? have suggested that serial maps of the 
distribution of potential on the body surface contain significant elec- 
trocardiographic information not appreciated in the routine electro- 
cardiogram or vectorcardiogram. While considerable refinement in 
the techniques of construction, display and analysis of such maps has 
occurred during the past decade, the required instrumentation does 
not lend itself to ready clinical application. It is important to examine 
the body surface potential display in terms of altered heart structure 
or function to consider whether the additional information in map 
form can be related to pathologic findings. 

In the present study not only were base-line isopotential distribu- 
tion maps and those made 1 week after coronary arterial occlusion 
evaluated, but also “difference” maps of “lost” potential patterns 
were analyzed. Such maps were derived by subtracting time-equiva- 
lent postinfarction serial maps from the subject’s own control or 
base-line maps on a point for point basis. The original electrical ac- 
tivity of the now electrically silent muscle distal to the vessel occlu- 
sion was thus isolated and projected in a positive form. As a result, 
the relative role of this “lost” activity to the overall sequence of elec- 
trical events was displayed for analysis in a manner not possible with 
conventional scalar and vectorcardiography. 

'T'he data and conclusions presented in this report were obtained by 
making base-line and postinfarction recordings in animals with coro- 
nary arterial occlusion produced by a closed chest catheter technique 
and correlating the “difference” isopotential maps with the histo- 
chemically demonstrated confines of the lesions. 


Materials and Methods 


Method for recording and displaying isopotential distribution maps: 
Each of 10 mongrel dogs, weighing between 20 and 30 kg, was anesthetized 
with intravenously administered sodium pentobarbital (30 mg/kg body 
weight), intubated with a soft endotracheal cannula, and suspended in the 
anatomic position by a nylon net sling in a specially constructed marking and 
recording stand (Fig. 1). Permanent marks in a uniform grid, 18? apart cir- 
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cuiafersntialiy. aad هیا‎ qm " 3 ١ em, were 
‘placed on 140 thoracic sites by means of a large sliding pro- 
ractor that encircled the dog. Because the position of the 
nine heart is relatively more cephaladic inside the chest 
cage than that of the human heart, row six was set at the 
level of the xiphoid in all animals. To assure identical pre- 
d postinfarction heart rates, and therefore comparable 
conditions for recording the QRS configuration, the right 
atrium was. paced by a catheter at a rate of 240 impulses/ 
min and recordings were made through stainless steel sur- 
gical needles lightly hooked into the dermis. One minute 
samples, obtained in 20 subsets of 7 points each, were re- 
- corded on magnetic tape simultaneously with a differen- 


` tiated and filtered bipolar chest lead signal used for timing. 


.. The recordings were digitized by a PDP-9 laboratory com- 
puter at a rate of 1,000 samples/sec and the potential pat- 
terns were displayed i in isometric projection map form at 2 
_ “msec intervals. Regions of positivity on these maps are re- 
-ferred to as peaks and those of negativity as valleys or 
nks. With each map the scalar orthogonal leads and leads 
Vi; V3 and Vg were progressively inscribed to the corre- 
sponding point in time. 
|  Postinfarction maps were vetordud. 1 week later by re- 
rning the animal to the electrophysiology laboratory and 


sampling from the previously marked sites in the exact 


manner used initially. Point by point subtraction by the 
mputer of the chest voltages recorded after infarction 
from the corresponding voltages before infarction provided 
ie maps of lost potential distribution. Thus, the patterns 
hese "difference" maps may be attributed to the electri- 
l effects that would have resulted were it possible for the 
farcted zones to be activated alone. 
To evaluate for possible artifact induced by any slight 
tation of the animal in the sling, base-line data were peri- 
sdically collected in duplicate. The subtraction of a second 
et of base-line data from an original set produced a differ- 
ce map with a rumpled-quilt appearance; in no case were 
he extremes of discrepancy greater than 0.25 mv of activi- 
ty. We therefore considered artifactual alteration of the 
difference maps to be below this level. 
vu Method of coronary arterial occlusion: Once the 
: preinfarction electrophysiologic recordings were com- 
pleted, the animals were transported to the hemodynamics 
laboratory where a left ventriculogram and a left coronary 
artery cineangiogram were performed with a no. 7 Sones 
i theter. Coronary occlusion was then accomplished by 
odifying the method of Nakhjavan et al. 1° 
tide wire was passed through the catheter and selec- 
ly positioned into either the cireumflex or the ventral 
rventricular branch of the left coronary artery. With 
the wire in place, the catheter was removed and a 0.2 to 0.3 


"em stainless steel bead (cut from a 14 gauge needle and 


: then polished) was placed on the guide wire. By then re- 
`` placing the catheter on the wire, the bead was advanced by 
the catheter tip until it was wedged in the artery. Repeat 
-eineangiography was performed and the animal allowed to 
recover from the anesthesia. 


¿` Postinfarction cineangiographic studies were also ob- 


tained 1 week later and the postinfarction electrophysiolog- 
ic data were recorded. __ 

> Tissue. preparation technique: After the pre- and 
i postinfarction *electrophysiologic and cineangiographic 
_ data were recorded, the animals were sacrificed by rapid 
$ anguination while the heart was quickly excised. To pre- 


pare the heart for sectioning, it was immediately. washed in . 
is tonic saline solution and cut into 1 cm thick ring slices - 
ntricle E 7 


p pendicular to the. ud axis of. the: left. 2 


thick frozen sections were TS on a. 2 Poare ۱ 
stat. = 
Dehydrogenase staining to demond. nt 
lactic dehydrogenase activity was accomplisked 
ods previously described.!!-!? Additional section 
pared with hematoxylin-eosin and periodic 
stains. E 
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FIGURE 5. Isometric uo e maps. of body iu potential at 4 
msec intervals during the QRS complex of a dog. Each grid is com- 


: posed of "horizontal" lines representing horizontal levels of elec- ۱ 
: trode placement in which X indicates the level of xiphoid and of . 


"vertical lines” representing angular position on the chest in which R 


ndicates the right midaxillary line, MS the midsternal line and L the 


left  midaxillary line. See text. for 9 


Results 


* Because the difference maps were remarkably c con- 
istent in their configuration with respect to the loca- 
tion of the myocardial lesions, data will be presented 


n detail for two representative animals, one with an 


. infarction of the circumflex-supplied posterior free 
. wall and one with an infarction of the left anterior 


-free wall and septal junction, applied by the ventral | 


interventricular branch. 


. The coronary cineangiograms ‘were quadé 1 week v 

after infarction in the representative animals. In all 

animals with posterior lesions, the occluding bead | 
demonstrated i in the circumflex: branch of the left . 


ary artery; in those with anteroseptal lesions, 
iding bead was seen in the ventral interven- 


branch of the left coronary artery, which cor- 
responds to the left anterior. descending artery of 
man. Avascular halos surrounding: the beads localized 5 
the areas of the myocardium that were no longer - 
being perfused. and forecast the sites of the histologic 5 


changes of the infarction. 
|. Volume conductor relations were jnbpectéd: by seri- 


al transverse sections of a selected animal quick-fro- 


l ni in the anatomic Position. after the additional ad- 
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| 4 and 1 12 msec). See text for details. ۰ s 


den so às to ی‎ the TR of. t 
volume conductor model (on the left 
B). Histologic. and histochemical | f 
such preparations have been. previó 
in this study our. attention was direi 


necrosis rather than to the 


zone of ischemia. The M e lox 
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basic map. Figure 5 contains a series 




















ut. the QRS complex in the control 
6٤ mpares selected instants. before and 
ention of coronary occlusion and myo- 
tion. The maps labeled “Before” were 
st prior to vessel occlusion, The maps la- 
: " were recorded 1 week later, and the 
> maps. are those produced. by subtracting 
r" map from the “Before” map. Illustrative 
ed instants during the ventricular de- 
e sequentially displayed: The maps in 
were obtained 4 msec after onset of the 
mal with the "anteroseptal" lesion and 
at 12 msec in the same animal, while 
bottom row are at 8 msec after onset 
h the "posterior" lesion. Positive or 
ages distort the grid upward, where- 
reating voltages cause it to sink. 
ine maps: As seen in Figure 5, base-line or 
aps for all the animals typically showed a 
dst Md at deflecti on toward the cranial por 


















































DT on to differentiate into two distiriet 

his sequence was interpreted to represent 

ial left to tight pean — followed by 
apicala is 


8 eet و سنوی‎ the peak to 
midline, representative of the left ven- 





ight ventricular” peak began to re- 
ink as the process of depolarization 





through spread around the epicardial 


id the retreating activity of the pos- 


sink. completed. the | 





, oF the grid is on re “bowl-shaped sink; later, 
l extent is on the dower T ae 
ds represented. by the plane | lar regions of the heart, a small elevation was ٤ 
` near the right midaxillary lime. = 
ec intervals illustrating progressive. — 
recorded after infarction in the region of th 


ny to the limited size of the infarction and the p 
vation of tissue still capable of activation in. 


` head (Fig. 6B). This sink grew and became th omi- 


dow that results, when the anterior losses from. th 
` farction are combined with the already present defect 
in the shell of myocardial. activation that occurs at — 
` the time of normal anterior epicardial breakthrough. E 
` The difference maps produced after anteroseptal E 
infarctions showed an early. anterior sink at 2 msec. 


. 12 msec the map contour acquired a complexity not - 


terized by a positive longitudinal anterior ridg 


m B fore the map finally returned to the base line. 
y, became predominant at 12 to 16 — b 


‘epicardium, As the expanding pe- | Limitations o ot the Methods - 


E 28 msec. the left ventricular peak — 


asked by the anterior forces, - 
ge anterior surface sink. By 32. 

yr basilar activity in the form of 91 
surface . 
ap grid returned t to. the base- Pet 


-and mistakenly attributing them to what wo 
i been the e voltage | Pe ۱ 








was directed more toward the west heral piel oba: 







Anteroseptal infarction: By contrast 


terior free wall and interventricular sep 
did not progress to the same amplitude t 
the midline after the initial central peak ( 
base-line maps and at 10 to 12 msec). (The 
some early anterior positivity remained was te: 








development ‘of a midline: sink directed ‘toward © he » 





nant force on the map during the remainder of ven. - 
tricular depolarization. These changes may be an ex- - 
pression | of better “visualization” of the retreatin 
posterior forces. afforded by the larger anterior wi 


A peak began to develop in the center of the grid. at 6. 


a msec, separating the sink into two lateral furrows. By © 








seen in the previous difference maps and was ch: 


dered by right and left sinks of negativity. Thi 
tern then disintegrated into a single central sin ny 


Discussion ۱ 







. Although the “difference” concept: هو‎ ob 
powerful tool for examining the contribution « f spe- - 
cific parts of the myocardium to the activation pro- 


cess, it should be examined critically. One source of e 
| imisinterpretation lies in the possibility of discoverin 






changes caused by alteration in conduction velo: 
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» pees ی دی عم ین‎ over the. con- 

e arbitrarily considered a “mixed” effect after 

msec and pure periinfarction delay after the time 
offset, of f the control BN * ۱ 


nierpretatioi of the Two Patterns ot Infarction 


When considering the lesions in the posterior free 
wall, it seems plausible. that the peak. resulting from 


activity in the anterior left. ventricular free wall is. 
amplified. because of the loss of the posterior oppos- 
orces just as the amplitude of the R wave in lead - 


is increased. "The full impact of this change is not 
ri ited, however, until the postinfarction map is 
bir acted from the base-line map. When this is 


the “lost” potential from the posterior wall is - 
paved a as a رد هو‎ le sink and correlates well 


hk both: time iid contour. 1 That. ساب وی‎ would 
be appreciated earlie er on. these maps i is only to be ex- 


show the effect. he te ribi pe M o ۱ 


ar d 1 ft activation of the septal portion of the lesion. 


|. few milliseconds later, n depolarization shifts . 
ard the apex. and the right and left ventricular . 
ctors point toward the sternum and combine to - 


rm a peak (bottom right panel of Fig. 6B and 4B). 
3 "heir trailing negative. cavitary potentials are trans- 


itted to the surface as parallel troughs. Finally, Fig- 
ag 7 shows the results of the combination. of the two 


distinctive patterns of the difference map 


lesions are present in an animal. | 

Value of potential maps in e x 
farction: These comparisons point ou 
potential maps in the study of the ana 
mental myocardial infarction. While 
ment of the sites of infarction. has little 


. vance clinically, such precision may be 


examining the relations between electr al 


| mit éentistrubtigh. of the Í process > 


vation for ‘the animal with an intact « 


of the e elécirical joe dom each heart s sit t 


riphery. - 
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perimental Model for Study of Mobitz Type 1 and 
Paroxysmal / Atrioventricular Block 


BENJAMIN J. SCHERLAG, PhD  - In 26. anesthetized dogs ligation of. the anterior sept 
VABIL EL-SHERIF, MD junction with rapid atrial pacing resulted in a relativel 
RALPH LAZZARA, MD" |. (75 percent) of Mobitz type Il block and paroxysmal at 
y oe (A-V) block (50 percent). Electrode ۱ ;athet er recor 
ami Beach, Fı Florida ` bundle and bundle branches as well as plunge wir 
` His bundle allowed a localization of block. within th 
` Purkinje system within 1 to 4 hours after ligatic 
blocks, manifested as first, second. or third degree ۸-۷ bl 
in combination, were found in 18 animals (75 percent). 


cardia- and tachycardia-dependent bundle’ branch bloc 

mon observation. The use of this preparation has provid: 1 
the nature of Mobitz type il and paroxysmal ; A-V block a 
۱ phenomena usually reported. oniy i in clinical settings, 1 


۱ -With the advent of His. bündlà E 
| renewed interest in many aspects of the electropl 
heart: Clinically, attention has been focused و‎ 

Mobitz type II atrioventricular (A-V) block and 

. ated occurrence of paroxysmal A-V block.) The 

bitz type II block has been the subject of severa 
tions using His. bundle electrocardiography.? 3-7 Ho 
to achieve. greater insight into the pathophysiology 

. and paroxysmal A-V blocks is limited by their infreq 

` “servation. Recent studies by Spear and Moore? | 

.. volved observations of digitalis-induced Mobitz typ 

` ized in the A-V node of the intact dog heart. In t 

` anterior septal arterial ligation in conjunction w 
produce Mobitz type II and paroxysmal A-V | bcne 
 — kinje system. Other workers have produced N Mab bit itz z typ 
` by applying mechanical trauma!? to tl 
dm to alter. AV ondan : B "con 
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it er the occurrence of block. 
dle; idio — za dior ventricular; LB = 


en scalar automaticity, electrical stimulation 


mulator (model S88) and isolator (SIU5). 
plied through two silver wires (0.012 inch 
۱ ad into the distal portion of the nerves.!? 
t rate, elsctrical pacing at rates ranging 





| nserted into peripheral arteries and 
h heters w were inserted into. the left i or نی‎ 








| into a امس‎ artary to 8 left ventri- 
a the proximal or distal left bundle branch 



















its that ranged f from. 0.05 to 285 Hz,* abee 


ere e using. bandwidths between 42. 










btt entres یی همست‎ rire es rtt wAM— 0007 


Nonparoxysmal 


left vagosympathetic trunks was delivered - 


(not ligated) for up to 2 hours. Thus, the. dissection neces- um 
as applied to the atrium through fine - `` to the intraventricular conduction defects. occurring: after- 
u 1.003. inch diameter) inserted into the  . ۱ 
en ge 3 with use of a 35 gauge hypodermic . . catheter or plunge wire recordings, pacing at various inten- 
m. the ipscialited ventricular conducting ۱ | 
ventricular muscle were obtained by ^ lar electrodes. In addition, vagally induced slowing of the = 

` heart rate and A-V nodal block were used to differentiate : 

` between low amplitude deflections arising froma damaged 

. His. bundle and so-called A-V nodal potentials. ۱ 


à His ba vein to the right side of the heart to re- - 


the apr A two or more standard * A 
rap ic leads were recorded, specifically leads Qe 







1 ome techniques: dh Ri وضو وضو وخ‎ post- e" cu 
sen was کک‎ to verily that the anteri- at 







i rior Septal Artery Ligation | 


Type of Blocks. 
























b af ventricular t fibrillation before the onset of block, and two died of ventricular fibrillation BBE 3 hours a 


= left bundle; RB = right bundle. 


All animals manifested Wenckebach type block, with: Mock. | 
localized proximal to the recorded His bundle deflection at ..— 
rates between 240 to 300/min. Normal intraventricular con- — 
duction was noted before and after the ligature was in place > 










sary to expose the anterior septal artery did not contribute 
ligation of that vessel. To validate. each of the electrode d 


sities (just above threshold and two to three times thresh- 
old) was. s performed at various rates from each of the bip 





7 Definitions - 


Wenckebach type second ie A- V block is represent- ES 


ed on the electrocardiogram- as the progressive increase in . 

the P-R interval with slowing of A-V conduction until the . 

` atrial impulse is blocked. The next QRS complex is absent. - 

` The conducted beat after the block has a markedly shorter ^ 

-. P-R interval than that of the cond ucted beat preceding the EO 
| blocked P wave. | ۳ 





` Mobitz type II A-V block i is defined: electiotardiograthi- ^: 


A cally as the. sudden, unexpected. block of an atrial impulse | - 
-with loss of a QRS complex. The P-R intervals. preceding: 
` the dropped beat are constant but the first conducted beat ums 

after block can show a shorter P-R interval than the last. — 

conducted beat. In Mobitz typ 
` block the difference in time bi 
`` the last conducted beat and the first conducted beat can be ~ 

`. no greater than 20 msec or alf of one small box on stan. ~ 
b `. dard electrocard iographic cording 1 paper at a paper speed 
eic  of25 mm/sec.!? 


e 1 second degree heart | 2 
tween. the P-R interval in 
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ous occurrence « of Mobitz type A-V block after ligation of the anterior septal artery. From top: electrocaidiogray ' pi hic lez d 
jundie recording. from an electrode catheter in the right side of the heart 9, RV) ing split His bundle elecirogiam 4 


ween ume lines = =] second. See text. 


teur tachycardia and, in some cases, 


brillation (Table I). Vagal slowing of the 


"used to prevent ventricular fibrilla- 
e rhythm stabilized, which invariably 
he first 20 to 30 minutes. 

brillation occurred in only two ani- 


irst 20 to 30 minutes but was ob- 

mals after a single premature beat | 

e vulnerab.e. period several hours after | 

able I). No attempt was made to use 
+k in animals with ventricular fibrillation © 
o contaminzte the development of isch- 


d e em Mur due to trauma FOE counter- 


dogs showed intervals of Mobitz type H AN | block jug 

(75 percent of those studied). — PT و‎ se 
Mobitz type H block with. atrial pii $i igu 

shows an example of Mobitz type II block 

atrial pacing rate of 165/min. The block. is localized within. : 

the His bundle since the blocked beats show atrial activity 


` followed by a proximal His bundle potential (Hi); however, 
` the distal His bundle potential. (H5) and ventric ar activa- 
_ tion are absent. The 8 msec increase in the P-R in 
. this paper speed before the dropped beat, and the s 
~ quent shortening of this interval by 18 msec after. the | 
^^ blocked beat, corresponded exactly to the changes i in intra- oe 
z His bundle conduction time (H,—Hg interval). s E 
-Spontaneous Mobitz type II block after septal arte: a 
s rial ligation: Figure 2 shows another example. of Mobitz = 
.. «type H block that was similarly localized within the His | 
- bundle but occurred spontaneously. In panel A the isch- : 


۱ ic A-V Block 





HV 38 msec 45. 


H با‎ 5 haec 
UN 22 msec 


ous. record OSTA tho ی‎ onset ot Mobitz type 1 block, 2:1 A-V Ie and sore A-V Foi 
(L-2) and. aVR; electrode. catheter recording of His. bundle. activity: from the left side (Hb, ni an f 
| e from the nup side (Hb, RV). interval Pome time lines = = ed second. : 


dude. has ی‎ a distinct aiie of the H poten- and thus "us the de approximat 
1 nto. two os bak and mi At a heart rate of rd stant P-R interval seen in our study. - * 
p: e A-V block: There vı was. 


produced i a qbus QRS comple. ad. a aie ou 
interval. (PER. = 80 msec) identical to the mea- 
;-V interval seen in panel A. His bundle } pacing was 
at a rate of 44/min, higher than the rate at which 
iz type. Il block was: seen during normal sinus rhythm © pis for: i 6 E lu this « case cad es 
.. Panel C shows the effect of vagosympathetic - ` arose in the His bundle, as shown by the ni 
mulation; complete. block in the A-V node (fourth — plexes, which are essentially the same as 
| by a conducted. beat with a prolonged A a uri < conducted e کک‎ A- í 
> Hj-Hs » interval is shortened i in ¬ association “perce 
| the slow 8 of the heart rate. ۱ a 


2 hours a ier ante erior septal a arterial ligation Standard : 
t e the His Dena k n 81 





1 TO U* AH, = 60 msec 
s CE i n 


" DLE mec . . Hi ۷ب ار‎ = 30 msec ۱ 


Parox. A.V Block — 
| 750 


H 
dz . e 


cm teu block i is localized distal to the. ا‎ His bundle specail) (HY. The next beats in panels A and ee are وس‎ 
و‎ ih rate i increases fa decrease in cycle are from 1 ,004 to Minds there. is a Sole d in the. ni interval from. 45 to us 


A-V blok. was ‘most likely v within ane Mohita type 11 
system. This deduction was only recently con- 


hin the His buie yet Hie ی‎ - firmed. by direct evidence obtained with the use: 0 


tin ی‎ i ALY block, ‘all had: a criti: 


Wale cbietved irony 2 the. ther ij His bundle electrocardiography.?-97 A. El vi 
ventricular rhythms. - ... report? and two experimental. studies ۳ de 
| block: After 2 to 4 hours, progression too” * the. fortuitous Occur rence of sudden dr 
k occurred in 19 animals; in 14 of this lo r 
eventually returned during the period  .. Purkinje: system. 1 our ee lácheinia produced. by ۱ 
: 8 و‎ 6 Shaws a record D Fr a anterior F poppa a arterial mon Btoduced Y little if any. 





anterio ior ‘septal aitetial lga a ` Hashiba et et al 24 ee oe ee of. 
: ported that A-V block, with or without prolongation ns 


of the QRS interval, developed in 18 percent. of 38 E | in only ic 
| rlier studies a makers ser found in he o 


studied. In none of the e 


E sbservation of Mobitz type II A-V block 
"he occurrence of transient rather than par- _ 

al complete heart block was occasionally ob- 

. A possible reason for the differences in the 


ive frequency of Mobitz type II and paroxysmal 
' block in our study and those of previous workers 
that in our study, after the initial 20 minute period 


enhanced ventricular. irritability passed, atrial pac- 


g at rates up to 240 to 300/min was intermittently 
nployed to stress conduction in the ischemic proxi- 
mal His- Purkinje system. The importance of this fac- 
or was corroborated by another study in our labora- 
ry involving anterior septal arterial ligation. With- 
rial pacing the frequency of Mobitz type II 
“and. paroxysmal. A-V block was observed in 

ly a few instances (unpublished observations). - 
Differentiation of Wenckebach and Mobitz II 
ond degree block: "The data from the present 


ly cast doubt on the electrocardiographic criteria - 


‘to differentiate between ` Venckebach and Mo- 
itz type II second degree AV block. This differen- 
aioe tegi on the presence ; or r absence. of P- R 


'esen i 4 y sonet واه موم‎ of a Mobitz ae ID A-V 
oc . However, in. Figure 1 there was a shortening of 


P-R interval by 18 msec in the first conducted - 


at as compared with the last conducted beat pre- 
eding A-V block. In Figure 2 there was only a 10 
asec difference and in Figure 3 but a 2 msec differ- 
nce between the first conducted beat after and the 
ast conducted beat before t e blocked. atrial impulse. 


the measurement error at a paper speed of 200 


m/sec is : +3 msec, the P-R change seen in this ex- 
iple cannot. b considered significant. However, it 
ossible that at more rapid paper speeds, such as 
000 mm/sec, significant delays of 1 or even 

is of 1 msec can precede the blocked beat in 
degree A-V block.?5?6 A further possibility 

-be entertained, that the Mobitz type II phe- 

non rather than being : a distinct type or kind of 

on no ia deies ada block: may: be, a form: et f Wencke- 


Vb block be discarded Prom: a ancl view-‏ ی 
is well‏ اش سس point . ‘the e of- this‏ 


tions for these ery are; € a | 


! larization of the distal His ین توا‎ 


larization would not develop i in the latt 


ence of repetitive concealed conduc tio 


oxysmal A-V block was revealed by s W 
rate during complete heart block (Fig. 4 
sequent return of atrial activity, condi 
curred, This finding suggested that co 
in the His bundle could be temporari 
removal of the atrial input. - d 
Bundle branch block: The useful 
model-—acute ligation of the anterior se 


۱ conjunction with atrial pacing to exacerbz 
emia of the proximal His-Purkinje. 


not restricted. to the experimental pro 
bitz type II and paroxysmal A-V bl 
communications”? we have reported th 
of tachycardia- and bradycardia- depen 
left bundle branch block in 72 percer 
hours after anterior septal ligation. 
tern of complete right or left bun 
was demonstrated both on increasing 
the heart rate. Occasionally incomp 
bundle branch block was seen unde 
stances. Within 45 minutes. the p 
bundle. branch: block. became.. cot 


aoe poscit ad مود ید‎ delas | 8 


branches: have been characterized. 


e of Whe using. this ۳ ی‎ 


he His-Purkinje s system. was P 
pear pce to Mobitz type 11 ta 


ond degree À A- na bk 
Hue cue system." 81 





“lo ۱ po with: anterior that witli 2 wall 
ly if two ES were Ro E beats ۳ -They also emphasized that Mobitz type II 
tal to the right or left bundle potentials the setting of clinical myocardial infarction | 
hese. potentials were recorded from the a forerunner of high degrees of A-V bloc 
‘oximal portion of the bundle branches. Thus, — clinical studies?936 have shown that acute isc 
| bundle, the bott.eneck of the His-Purkinje conduction disturbances complicating acute myc 
may. be an important site of various A-V dial infarction are usually transient in nature. In 
ks even in the presence of QRS patterns showing - dition to these similarities between the evolutio 
or bilateral bundle branch block. The rela- _ velopment. and course of bundle branch . 
quency of intra- His bundle block has been re- block seen in clinical myocardial infarcti 
ted as great. as 20 percent in patients the experimental model we have described. 
W h various cegrees of acquired A-V. — ports have provided further. correlations b 
| experimental. and clinical situations. Ans 3 
, as. ne others," 2a close association be- use of this preparation can provide. in: gh 
| type IH block and the occurrence of | 'electrophysiologic mechanisms of delay or 
-V block. Of particular significance was one or more sites within the His-Purkinje 
$ occurrence of paroxysmal A-V block Species differences notwithstanding, such basic | ec 
re 5. This figure depicts 1:1 conduction | trophysiologic information should at least serv 
pe IT A-V block. Immediately after the important points of departure for the understan 
as 2:1 conduction and Wenckebach pe- of similar phenomena seen under clinical conditi 
conducted. beats leading to paroxysmal Mon Acknowledgment - ears 


in e ۱ 
block. This figure encompasses the clinical and We. gratefully acknowledge: the assistance of. Mr. Jora 


n er imental data described recently by Halpern et Rodriguez and Dr. Joseph Herbstman in the surgical proce- 


These authors noted that 2:1 A-V block with dures used in this study, as. well as the technical assistance. 
enckebach. was closely associated with infranodal of Messrs. Israel Dingle and David Young, Jr. In addition, 


lock and documented Adams- Stokes and complete we thank Mrs. Marie Ellis for. her NRE secretarial 
eart block i in four of the five patients studied. _ sistance. ۳ 
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a ۱ 5 tricuspid ‘avulsion ‘and: progressive pulmonary. 7 یی‎ 
" meal induced transient. increases in heart rate, arterial | 0 


was followed by. a prolonged period of Increased E E 
ne بت موس‎ ‘and decreased mesenteric vascular ee kava 


E with a reduction in iliac blood flow (—20 N ndis n 


2 iliac resistance (+19 percent) but with little change in rena pioa ou 


and resistance. Strenuous exercise during the period. of postprandial a : 


mesenteric vasodilation resulted in a 53 percent: fall in mesenteric flow 
from the preprandial : control level and a substantial increase i in mesen- . 


teric vascular resistance. Thus, in dogs with heart failure the ability of. 
the mesenteric bed to respond postprandially with substantial. vasodila- 


tion persists. However, when the stress of exercise is superimposed, i 


the mesenteric m is. abolished. as | blood. flow m the gut i is z a : 


E drastically reduced. 


E AM involves an "initial | ‘transient: mesenteric: ید موی‎ C 
Er تب‎ ingestion, followed by a substantial and. prolong ged p 


Er: “striction ‘during ingestion is s accompanied ei an وه‎ i 


and simultaneous constriction in the Mes 4 and | dilation, in the lin 





re Was led a und. a qnia cuff Was pu. around 
ee I Lube In pach of the nine dogs evi- 


allure minature. pressure ‘gauges ۲ 7 ی‎ P22, 
T hace Instruments, Pasadena, Calif.) (seven dogs) 
and heparin-filled polyvinyl catheters (two dogs} were im- 


lanted in the aorta, and Doppler ultrasonic blood flow | 
ransducers were placed around the superior mesenteric ar- 


ry (nine dogs) and the left renal and left external iliac ar- 
eries (eight dogs each). 

The experiments were conducted: at "least 6 weeks after 
iperation. At the time of the experiments, all dogs had evi- 


ence of tissue loss and various. degrees of ascites; three 


logs also had peripheral edema. The state of heart failure 
hese animals was also characterized by increased right 
entricular peak systolic pressure (62 +. 4 [standard | error of 
hi mean] mm Hg) and end-diastolic pressure (18 + 2 mm 
Ig), compared with values of 26 + 2 and 3 4+ 1 mm Hg, re- 
spec tively, before heart failure (P. <0. 001). The thickness of 
he free wall of the right ventricle was 11 + 1 mm in dogs 
h heart failure compared with 6 + 1mm in control dogs 
:0.001). The animals were kept i in the fasting state for 
hours before the experiments. The design of the experi- 
nent. consisted of a 15 minute control period during which 
he animals lay on one side while arterial pressure and re- 
ional blood flow measurements were continuously record- 


ed. The contents of two 14 ounce cans of commercial dog - 


food were then. presented to the animals; they ate for ap- 


‘proximately 1 minute while still lying on one side. Hemo- - 


dynamic variables were continuously recorded during this 

tial 1 minute period of ingestion and during a subse- 

ent 60 minute observation period when digestion oc- 
rred. 

Four of the dogs were taken to an isolated road where ar- 

ial pressure and mesenteric flow were recorded 15 min- 

's. لو‎ pud the meal while the animals stood at rest. When 


ning. niy ‘receiving nl Poli recording 


ment,’ drove off, the untethered dogs ran behind it at 
eeds of 10 to 25 miles/hour « over a distance’ averaging 1 _ 


ile continuous measurements of mesenteric blood 
ow an arterial pressure were sent by radiotelemetry to 
: he mobile recording station. After exercise the animals 


spare maintained i in the standing position during the initial ۱ B 


5 minutes of the recovery period. while hemodynamic mea- 
surements were continuously recorded. 


Arterial blood pressure was measured in seven dogs with i 
miniature pressure gauges!? that "were. calibrated before 
and after implantation and also in vivo against a catheter 


and a calibrated Statham P23Db strain gauge manometer. 
-Arterial pressure was measured with an implanted catheter 
and calibrated Statham P23Db strain gauge manométer in 
two dogs. A Beckman cardiotachometer (9857B) triggered 


"by the pressure signal was used to measure instantaneous 


` heart rate. Regional blood flows were measured by the 
. Doppl rasoni flowmeter. 9.112 Zero flow was repeat- 
edly determing d 


electric: و‎ and the ی‎ of the e D : 


mua. identical. ‘with the کک‎ ` spec 
commercial frequency modulation (FM) 

tems. The system, as it has evolved, operate 
gahertz range using conventional FM stereo 
disabled deemphasis networks to allow race 
broader bandwidth signal. Interference. fro 
broadcast transmission at frequencies near 90m 
minimal. ‘The inclusion of a pressure. me 
most easily implemented, ‘considering the 
flow signal, by using a ‘frequency multiplex f 
years in the aerospace industry and more rece: 
FM music. The pressure signal modulates: ie f 
a subcarrier oscillator, operating in the. frequer 
37 to 43 kilohertz, which is much higher than 
band of the flow signal, 200 hertz to 20: kiloh 
two FM Miu may be drei te mixed o or sum 


| pressure $ andi mean ‘blood. flow ae sein a : 


data obtained in the control period and at th 
tervals after eating at rest and during exercise 
for statistical e by the paired ti st 


em digestion. ود‎ - during. the | lati 
were desea for 60 Rey By 00: minut 
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۱ E utes, sd flow was sig ndr 10 i 2 2 percent os he 
- value of 216 + 14 ml/min. - nix 
Vascular : resistance: During the first. minute 








| Ld 4 مدیم‎ 
<0, 01) above the control value of 100 t 6 mm 











utes after Alk the mesenteric blood. | 
creased ut 76 4 14 percent above the con 





pie vac oul resistance tended to decline: daring 
-the period of digestion, but this reduction was signifi- 
cant (P <0.05) only at 30 minutes, decreasing by 10 + 


5 percent below the control value of 0.51 + 0.04 mm 
Hg/ml per min. 
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4). During exercise, ere ی‎ à low 
by a maximum of 53 + 8 percent (P > 
initial preprandial control value AF ig. 1); 5 















Exercise | | 
\rterial pressure and heart rate: In four dogs in 


which the postprandial response to exercise was eval- 
uated, arterial pressure and heart rate were at control 












t 114 M pèr. 
cent (P <0. 05) above the initial control va lue. eun 
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. FIGURE 2. Typical response to eating 
.80, 45 and 60 minutes postprandially 
in a conscious dog with heart failure. | 
In this instance the postprandial in- MEAN 
'crease in. mesenteric. blood flow was  - 

Senet td fo by a pie increase in IAG ELOW 
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al and failing heart. 


ministered digitalis glycoside in the conscious dog in 
both the normal state and during heart failure, 15 ۱ itd 
^ Effect of postprandial exercise: When exercise ow tri ing 
is performed at the time of the anticipated maximal reduced or actually ceases. 5-7 "However, the rests : 
increase in mesenteric blood flow, the postprandial ) 
augmentation of mesenteric blood flow is not sus- ric b 
tained and mesenteric blood flow decreases below flow is Sut cien to Baie even Dres in vic ۱ be isi 
hat existing prior to eating. This response might be bern یم‎ of the e splanchtite 1 ۱ 
anticipated since in heart failure!® and in other 
pathologic states in which the capacity to deliver oxy- 
sd Ld nde tissues i is s limited, 9,17,18 there i is a 


in the مج سب‎ state. 
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FIGURE 4. Recording of the alterations. in mesenteric hemodynamics 30 minutes postprandially in response to exercise perforr 
subsequent few minutes, and after recovery from exercise. Postural and activity variations are indicated at ‘the top 6 of the. figure 
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N Nipride’ S auum | 


iin Seer within. Seconds after the 


d blood pressure as iste as he 6 = 


, stabilize it at the desired level, 
el for hours — a few days if neces- 
lo nen ve medications become 


e ba monitoring, ‘hypotensive ۱ 


M be avoided since Nipride permits 
inute | control of the pianis: blood 


— reported side ‘effects, TR as- 
1g, diaphoresis, etc., are probably . 
ive ماس ییا‎ of blood pe E ! 
cati to a dosage of 80 mcg/min during. the first 40.1 tes 
of. administration. Deedee! increase. E 200. bun n. : 


- DOSAGE MUST BE INDIVIDUALIZED. ‘Patient 
response varies widely over a range of 0.5 mcg/ = 
. kg/min to 8.0 mcg/kg/min. It is evident, there- - 
fore, that infusion rates should be. started at a 
minimal level, patient response c observed for a few © 
minutes, ‘then dosage denso "bye a measured 1 


Wi x 
Ed 0و2‎ 320 " 


fi ime (minutes) - 
120 .180. 200° 


SBP - Systol ic Blood Pressure - 
MAP -Mean Arterial Blood Pressure" 
DBP - Diast totic Blood Pressure 


„map = {systolic BP X 2) + (diastolic BP X 3) " 
| E | 


46 200 40 80 120 160 200 


240 280 320. 940 `" 
ی‎ ۱ 0 xu 


. Case A— -A 44- -year- -old obese male patient, with a pri- E 
mary diagnosis. of essential hypertension, was admitted to - 

. a hospital with impending hypertensive encephalopathy. 

— An infusion of Nipride (sodium nitroprusside) was. started 


at approximately 25 mcg/min and then slowly: inc | 


۱ blood pressure. As soon as p Infusion: was 
80 کک‎ ere was an immediate tis 


vid dose of pee was “given at a 
Ses The. petis lent was. an 8 





orem ent ud ie process continued until blood 
ure has reached a desired level. As exam- 
the procedure, Case A responded slowly, 
onec rapidi n increments; Case B 


E Nipride 
240 aE p 


| SBP - aie Binod Bisa re 
MAP. -Mean Arterial Blood Pressure * 
DBP - Diastolic Bi oon Pressure ; 


20 40. 60: 80 100 12. 140 360. 180. 200 220 240 
Time. ( dpud ۱ 


۱ and. n 0 


t ventricular failure, headache and renal 


Ain whictt 1 kic a. re 'lativély small o in 
2. Infusion rate was then doubled, resulting in a 
in blood pressure. Infusion was stopped for ten 


a 


blood pressure rose, then resumed at the 5 


level i Terina $ to discontinuation of pride, 
dopate ie V) € 


 NIPRIDE. MIXING. PR xc DUR 
‘FOR INTRAVENOUS INFUSION USE O 
DO NOT ADMINISTER BY DIRECT 


Nipride must be. prepared immediately before a 
Once prepared, solutions containing Nipride st 
kept or used longer than four hours. No TR 

should be added t to the- solution, 


. 1. Withdraw 2 to 3 mi of sterile dextrose i in | water c 
| men available Sterile. dextrose di ا‎ in 


mi of sterile 5 pareant dextrose in tulad ed 
concentration, S.. Promptly \ wrap Nipride solution. 
foil or other opaque material to protect from 1 


_ister prepared solution by. infusion pump, m ۱ 


or any similar device. that will allow poene 


| didt rate. 
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| due to its rapid con- 
The hypotensive effect 


a effects of Nipride are 
nthe blood vesse as a result 
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are measured daily 
100 rni, it is prob- 
h the infusion until 
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Hons. 
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odium aitroprusside 
i Patients who 






















oprusside and the 


hould be zdj pus 


Conon rient 


n iE sh ome be de- _ 


long- -term use, as long as. 


am ‘experience | is limited. Further studies are in - 
^ progress to determine its proper dosage and | 
administration. 


PRECAUTIONS: Adequate facilities, equip- 


ment and personnel should be available for. 
frequent and vigilant monitoring of blood - 
pressure, since the hypotensive effect of 


Nipride (sodium nitroprusside) occurs rapidly. 
When the infusion is slowed or stopped, blood 
pressure usually begins to rise immediately 
and returns to pretreatment levels within one 
to ten minutes. It should be used with caution 


and initially in low doses in elderly patients, - 


since they may be more sensitive to the hypo- 
tensive effects of the drug. 

Because of the rapid onset of action and 
potency of Nipride, it should preferably be 
administered with the use of an infusion 
pump, micro-drip regulator, or any similar 
device that would allow precise measurement 
of the flow rate, 


Once dissolved in solution, Nipride ads: 
to deteriorate in the presence of light. There- 


fore, it should be protected from light by 


wrapping the container of the prepared solu- | 


tion with aluminum foil or other opaque ma- 
terials. Solutions of Nipride should not be 
kept or used longer than four hours. 

Nipride in aqueous solution yields the ni- 
troprusside ion which reacts with even. min- 
ute quantities of a wide variety of inorganic 


and organic substances to form usually highly. 
colored reaction products (blue, green or dark . 


red). If this occurs the infusion should be 
replaced. 


ADVERSE REACTIONS: Nausea, 


lessness, muscle twitching, retrosternal dis- 
comfort, palpitations, dizziness and abdominal 


pain have been noted with too rapid reduction: 


in blood pressure, but these symptoms rap- 


idly disappeared with slowing of the rate of. 
the infusion or temporary discontinuation of 
infusion and did not reappear with continued - 


siower rate of administration. 

One case of hypothyroidism following pro- 
longed therapy with intravenous sodium ni- 
troprusside has been reported. A patient with 


` severe hypertension with uremia received 


3900 mg of sodium nitroprusside intrave- 


nously over a period of 21 days. This is one - 


of the longest reported intravenous uses of 


this agent. There was no tachyphylaxis, but 
the patient developed evidence of hypothy- 


roidism, together with retention of thiocyanate 


(9.5 mg/100 ml). With peritoneal dialysis the. 


thiocyanate level diminished. and the signs 
of hypothyroidism subsided. 


DOSAGE AND ADMINISTRATION: The con- 
tents of a 50-mg Nipride vial should be dis- 
solved in 2 to 3 ml of dextrose in water. No 
other diluent should be used. Depending on 


` the desired concentration, all of the prepared 


stock: solution should be diluted in 500 to 
1000 ml of 5 percent dextrose in water and 


` promptly wrapped in aluminum foil or other. 
itive to the hypo- ۱ 


opaque materials to protect from light. Both 


. the stock solution and the infusion solution. 


should be freshly prepared and any unused 


p portion discarded. The frestily prepared solu- 
ipri de ` tion for infusion has a very faint brownish tint. 

. [tit is highly colored, it should be discarded. th 
ld no Pes Once e sed Jom ihe ye EE 


pertensive drugs, the average dose 
is 3 ug/kg/minute (range of 0.5 


tous drop in blood pressure, ihe maximum 


in 500 m! 5% DW (100 


. 70 kg patient ug/70 kg/min ml/70 kc [ria a 


Care should be taken to avoid extravasation. 


- continued until the patient can safely be - 


retching, 
diaphoresis, apprehension, headache, rest- . 
HOW SUPPLIED: Nipride injectable is gin 
plied in 5-ml amber-colored vials containin: 


diminution in calculated total peripheral vaS- o. | 


. dilatation. The decreases 


` significant increase in renin activity of renal 





|n patients Wo are not recebia antihy- 














kg/minute). Usually, an average of 200 Qi 
minute (range of 20 to 400. ug/minut f 
sufficient to maintain the blood pressure at 3 
to 40 percent lower than the pretreatment dia 
stolic blood pressure levels. In hypertensive 
patients receiving concomitant antihyperten 
sive medications, smaller doses are requ 
In order to avoid excessive levels of thio 
anate and lessen the possibility of a. precipi 
























recommended dose is 800: ug/t minute 
1 Vial (50 mg) Nipride (sodium nitroprusside) SUE z 





" aatia fe iP ta iru rr e s a aa 


Doselkg — ug/Kg/mm ml/kg/min. ^ -— 
Average 3 003 - ۲ ۱ UN 
Range 0.5108 0. 005 to 0.08 "ET 
Dose for a 




















Average 200 . 2.0 
Range 35 to 560 0.35 to 5.6 


The intravenous infusion of Nipride should 
be administered by an infusion pump, micro- 
drip regulator or any similar device that will ' 
allow precise measurement of the flow rate. 


The rate of administration should be adjusted. 
to maintain the desired antihypertensive ef- 
fect, as determined by frequent blood pres- . 
sure determinations. Nipride infusion. may be.. 


treated with oral antihypertensive E 
alone. 


the equivalent of 50 mg sodium nitroprusside 
dihydrate for reconstitution with dextrose. ‘in 
water (available singly and in packages of 10)... 


HUMAN PHARMACOLOGY: Sodium nitro- - 


 prusside administered intravenously to hyper. < 


tensive and normotensive patients produced . 
a marked lowering of the arterial blood pres- 
sure, slight increase in heart rate, a mild de-. 
crease in cardiac output and a moderate. 


cular resistance.  . 

The decrease in calcul lated total peripheral d 
vascular resistance suggests arteriolar vaso-: 
in. cardiac” and 
stroke index noted may be due to the: periph’... 
eral vascular pooling of blood. : 

in hypertensive patients, moderate depres- - 
sor doses induce renal vasodilatation roughly > 
equivalent to the decrease in pressure with |. 
out an appreciable increase in renal! blood . 
flow or a. decrease in glomerular filtration. . 

in normotensive subjects, acute reductio 
of mean arterial pressure to 60 to 75 mm 


by infusion of sodium nitroprusside caused 

















venous plasma in correlation with a; degre 

reduction in pressure. Renal response to ۲ 

duction in p was more diri reno- 
wih. F 1 ۰ 


. in precision aneroids. The fact that there are o 
million Tycos sphygs in use today attests to their un 
accuracy, design and reliability. 


ig wall sphyg, featuring 


mounting between two beds . 


sure easy reading from any- - 
where in the room. 


UN‏ مرخ پا وم تیف نگ 


‘he hand and pocket aneroids | 


p- 


and are backed by the famous Tycos 10-year warranty. 


upon to give top performance for many, many years. 


Taylor Instrument/ Heal 
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Y TION: Federal aw v prohibits dispensing 


witho t prescription. 


Eac tablet of Peritrate SA Süstained Action 
tains: ‘pentaerythritol tetranitrate 80 mg 
20 mg in immediate release layer and 60 
mg in sustained release base). Peritrate* 
{pentaerythritol tetranitrate) is a nitric. acid. 
ester ot a: Auirehydric alcohol (pentaeryth Pu 


l indications: Based c on a review of this is 
drug by the National. Academy of 
Sciences ~ National Research Council 
end/or other information, FDA has 
classified the indications as follows: 

"Possibly" effective: Peritrate . . 
` (pentaerythritol tetranitrate), is indicated ~ 

for the relief of angina pectoris: (pain | ۱ 

;| associated with coronary artery dis- —— 

ease). It is not intended to abort the 

o| acute anginal episode but it is widely 
| regarded as useful in the prophyl astic- 

treatment of angina pectoris. 

l ` Final classification of the less- than- 

| effective indications requires further 

تفای یو من T‏ 


a Contreindications: Peritrate SA £f suined- 


| ` Action (pentaerythritol tetranitrate).80 mg is 
contraindicated in- patients who have a his: ۱ 


tory of sensitivity to the drug. 
Warning: Data supporting the use: of Peritrate 
(pentaerythritol tetranitrate) during the. eariv 


days. of the acute phase of myocardial infarc- - i 


tion (the period during which clinical and. - 


o. laboratory findings are unstable) are insut- 


ficient to establish safety. 
This. drug can.actas a physiological 
. antagonist to norepinephrine, ee ee 
histamine, and many other agents. 
. Precautions: Should be used with caution. in 
patients who have glaucoma. Tolerance to. 
` this drug. and crass-tolerance to other 


A -Hitrites and nitrates may occur. - 


` ‘Adverse Reactions: Side effects record to 


m date have been predominantly. reiated to rash 
- (which requires: discontinuation of. medica- 


ton) and headache and gastrointestinal - 
distress, which are usually mild and. transient 


... With continuation of medication. In some 
Cases severe persistent headaches iod 


OCCU o : 
Joos a addition, ‘the following. adverse. re- 
ions to. nitrates: such as pentaerythritol 

tetranitrate have been. reported in the 
literature: | 
(a). ‘Cutaneous vasodilatation with flushing, 
(5). Transient episodes of dizziness and. 

` weakness, as well as other : signs.of 


-cerebral ischemia associated with postu- 


! hypotension. may occasionally - 


(e), A Occasional individuat exhibits clark 
z sitivity. to the hypotensive effects of. 
nitrite and severe responses (nausea; 
vomiting, weakness, restiessness, pallor, 
perspiration and collapse} can occur, . 
even with the usual therapeutic: doses. 

2 Aicohol may enhance this effect. — 

. Dosage: Peritrate SA Sustained Action . 

: ` (pentaerythritol tetranitrate) 80 mg (b.i.d. on 

an empty stomach). 1 tablet immediately on 


Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 


= ayer v botes oí food E green tab- 5 


A New v Book! Pup. 


ing y information à on n rationale, ı mec! 


dures involved. At gives: specia 


1974. yeb 432 pages, 7" x ES رل‎ Sch : 
color plates. About 9. 50. T 


New! THE ‘TREATMENT OF CARDIA 


By EMANUEL GOLDBERGER, M. 


by MYRON w. WHEAT, are MD. M 


TION. By HUGH E. STE P 


28 lT July 





KEEP THE HYPERTENSIVE PATIENT ۰ 
ON THERAPY 1 





capsule co contains 50 mg 1 | ( brand of i a ws. n 
nterene) and 25 mg. of hydrochlorothiazide | RS E 2 


Jo potassium s supplements 


eke with 7 ی مین‎ once or 
vice daily d dependiag a on response. There’ s no need to complicate th the regimen with | 
pot ss m supplements or unwieldy p potassi um-rich diets. 


de' can occasionally cause hy oerkalemia. Serum potassium aud B JN shou! 
E e ing t therapy p d ayi in pM with و تسام‎ or ` confirmed renal 


: M with Galen: dui n g pregnancy o or in women nwhon mi night | bear child en; 
ial benefits should be ies hec 
















-and 25 mg. of hydrochlorothiazide. 
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2 . Each capsule contains 50 mg. of Dyrenium? (brand of triamterene) 


O KEEP BLOOD PRESSURE DOWN 
P POTASSIUM LEVELS UP 






Before prescribing, see complete pres 
information in SK&F literature or PDR. 
following is a brief summary. - ae 
Indications: Edema associated with congestive. 
heart failure, cirrhosis of the liver, the nephrotic ° 
syndrome; steroid-induced and idiopathic : |. 
edema; edema resistant to other diuretic therapy. ` 
Also. mild to moderate hypertension. E | 
Contraindications: Pre-existing elevated serum . 
potassium. Hypersensitivity to either com- 

ponent. Continued use in progressive renal or 
hepatic dysfunction or developing hyperkalemia. - 





















Warnings: Do not use dietary notassium supple- 


ments or potassium salts unless hypokalemia . 
develops or dietary potassium intake is markedly. 
impaired. Enteric-coated potassium salts may . 
cause small bowel stenosis with or without - 
ulceration. Hyperkalemia (> 5.4 mEq/L) has 
been reported in 4% of patients under 60 years. 
in 12% of patients over 60 years, and in less 
than 8% of patients overall. Rarely. cases have 
been associated with cardiac irregularities. 
Accordingly. check serum potassium during 
therapy, particularly in patients with suspected 
or confirmed renal insufficiency (e.g., elderly or 
diabetics). If hyperkalemia develops, substitute 
a thiazide alone. If spironolactone is used 
concomitantly with ‘Dyazide’, check serum 
potassium frequently — both can cause potassium - 
retention and sometimes hyperkalemia. ‘Two 3 
deaths have been reported in patients on such 
combined therapy (in one, recommended 

dosage was exceeded; in the other, serum elec- ۱ 
trolytes were not properly monitored). Observe : 
patients on ‘Dyazide’ regularly for possible ۱ 
blood dyscrasias. liver damage or other ۱10... 
syncratic reactions. Blood dyscrasias have been ۰ 
reported in patients receiving Dyrenium 
(triamterene, SK&F). Rarely, leukopenia, 
thrombocytopenia, agranulocytosis, and aplastic 
anemia have been reported with ۵6 
Watch for signs of impending coma in acutely ` 
ill cirrhotics. Thiazides are reported to cross the’ 
placental barrier and appear in breast milk. ` 
This may result in fetal or neonatal hyperbili- 
rubinemia, thrombocytopenia, altered carbo- 
hydrate metabolism and possibly other adverse 
reactions that have occurred in the adult. When 
used during pregnancy or in women who might 
bear children, weigh potential benefits against 
possible hazards to fetus. 

Precautions: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic . 
studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post- 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible 
nitrogen retention, decreasing alkali reserve 
with possible metabolic acidosis. hyperglycemia 
and glycosuria (diabetic insulin requirements 
may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical 
patients. Concomitant use with antihypertensive 
agents may result in an additive hypotensive 
effect. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth: anaphylaxis: 
rash, urticaria, photosensitivity. purpura, other 
dermatological conditions; nausea and vomiting 
(may indicate electrolyte imbalance), diarrhea, 
constipation. other gastrointestinal distur- 
bances. Rarely, necrotizing vasculitis, pares- 
thesias, icterus, pancreatitis. and xanthopsia 
have occurred with thiazides alone. _ 

Supplied: Bottles and Single Unit Packages of 
100 capsules. ; 


SK&F CO. ۱ 
Carolina, P.R. 00630 FORN 
Subsidiary of SmithKline Corporation 
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Years from now, when you need to look at 
a patient's record, the traces you made on 
Kodak Linagraph 1930 Paper will still be sharp. 
ill be clear, easy to read—bold black-on-white 
traces that help to make your comparisons meaningful. 


normal storage, you'll continue to 
have sharp, useful records available. 
is kind of quality i 
of 


- cardiac catheterization. Equally important: 


Processing today's records requires as 


: 90 seconds with the 


I : RP X-Omat Processor, already being used 
or x-ray film in your affiliated hospital. 


here's no need to change chemicals or | 
djust the machine in any way. 
re's no processor available, 

. you can tray-process the paper. 


p 


inagraph 1930 Paper also gives you 
sind of dimensional stability that 
rovides an undistorted time base. 

d it’s a paper that stays flat, I ۰ ۰ 
won't wrinkle, and doesn't mar |. 
under normal handling. They all add up 
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| EASTMAN KODAK COMPANY 
سا(‎ ۱ Department 412L, Rochester, N. Y. 14650 

uus : qo ۲ ( Send literature on Kodak Linagraph 1930 Paper 
[| Have representative call 
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1 The IABP v versus s drug 3 
Dunkman and others" h ive conclude 
|. that “catecholamines. may. actu: 

.. crease ventricular. dysfuni io 

` crosis" whereasthelABP's: 
of coronary perfusion ar 
, oxygen-consuming. work in th 
.. tricle can save patients if appliec 
about 40% of the left venti 
ae trievably damaged. Moreover, AB 
MS mits safe use of drugs it if needed. 











i ca ‘on is obtained. 






ented effectiveness 


BP effectiveness i is clinically proven in the treatment 
cardiogenic shock and ia weaning patients from cardiopul- - 
ary bypass. It is a “lif ‘esaving measure in a substantial - 

rity of patients who would otherwise die of cardiogenic. ۱ 
ata Braunwald and Maroko” estimate that 20% ‘of pa- 
s who would otherwise die can be saved, while another 
an be stabilized: for diagnosis and surgical intervention. ۱ 


aor icantly reduced the magnitude and extent of acute ^ ۱‏ ای 
Pestle injury” ۱ in animal sudies The authors A‏ 
















| IABP. There. are some. ver 
reasons tor this dominance. 





ll and abnormal rhythm 


eM : Automatic reset for char ۱ 
os OF loss sot R wave. : 


selfinitiated ‘trouble identification, a an iog, 
| emergency. co vw nde " 
| pendent p power supply. - 9 


Nationwide on-site service. E E i E 





99 EG cardiogenic Sod. is. ای ای‎ to ‘treatment ۱ 
ave t ‘developed by Leinbach" These criteria. are a 
ibution to the effective application of IABP treat- 
ce. early use of the system greatly increases the 
of success. Buckley and associates” used the IABP 
27 heart-surgery patients who went into shock upon. ter- 
ilis n E ها‎ dt pu nd 25 13 





ay* X. 


t Editorial: JAMA 224: 245.1973. . 
2. Braunwald. E. and Maroko. PA. Ann. mt 

76:659, 1972. ۱ 
3. Maroko. p Ret at. Circulation 45: 4 i50. 






5. Buckley: MJ et al (abstract) Circulation 46. Sup 
2:76, 1972. 
6. Dunkman. WB. et al. Circulation 46 465. 1972, 


: Write for information on. clítical experience and the annual Aveo E 
Pump Users’ Meeting. Your loce al represente tive ce | 
Avco IABP « demonstration in 1 ether: a n ( al or experimental 
















ctrodes, and related patient hookup | 
supplies is available. s 
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Fcr detailed technical information contact: 


Vitatron Medical B.V., 

P.J. Box 76, 

NL 6210 Dieren, Holland 

Phone 08330 - 9010, Telex 45058 


V tatron Medical Inc., 

45A Street, 

Seuth Boston, 

Mass. 02127 (USA) 

Phone (617) 269 - 8445, Telex 940280 


V tatron (UK) Ltd. 

Boyn Valley Road 

Maidenhead/Berkshire 

Phone Maidenhead 28944/5, Telex 84498 





100% Pacemaker 
nalysabilit 
Vitatron Medical 





The present generation 
Vitatron Medical pacemakers 
are completely analysable 
during implantation. 


The digital pacemaker 
analyzer MPA 1 allows post- 
operative determination of 
all important pacemaker 
parameters such as elec- 
trode impedance in ohms 
and stimulation threshold 

in mA. 


A regular review of the data 
will determine the run down 
of a pacemaker’s lifetime 
well in advance. 


Use of Vitatron Medical 
VCA pacemakers eliminates 
the need for elective 
pacemaker replacement. 


The Vitatron Medical analysis 
system enables a near 100 % 
utilization of the pacemaker 
lifetime, reducing replace- 
ment to an absolute 
minimum. 
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Hoechst 


Pharmaceuticals, Inc. 


HE LASIX 202020۸0 


be see last page ofthis ad 
r prescribing information.) 
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(FUROSEMIDE) — ^^ 


For those stabilized 
cardiac edema patients 
who can be controlled 
on 0 lower dosage 





For greater dosage flexibility 


New Lasix’ (furosemide) 
20 mg Tablets offer more 
aceurate 0008۱۲۱6۵۲۱ of 
mainténance therapy. 


"n 


The usual dose of Lasix Tablets is 20 to 80 mg, 
administeredas a single dose. Depending on the 
patient's response, 5660۳۵0 00۶6 can be 
administered 6 to 8 hours latêr. In most degrees of 
cardiac 0670۱0۶۵۲۷ weight can be maintained 
safely and reliably by adiwsting the dose to fit your 
patient's needs. Gent monitoring of your 
patient is recommended. With doses exceeding 
80 mg/day and given for prolonged periods, 
careful clinical ang laboratory observations are 
particularly advisable. 


E 


(See next page for prescribing information.) 





LASIX 207 


(FUROSEMIDE) “Tablets 
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| : : : en into the right a 
DR eter i is removed ۱ leaving l 


^i ۱ p E des atrial and ventricular S dimer byt the tech ique 
NS e tis ANC 


X tilized beca e oft the unstabl 1 pe 
Ue os electrode. tip. Since the rig ht rial chamber i is an. all 


M b always into! the یج‎ ۱ 
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ard £ 3 = electrodes; e= length of electrode; H = 
r = longi dial k loop dimensions, P: = = upper 
































ri und to ima the p pacer consuls p a 
f bifilar Elgiloy s 























W = 55 to 65 mm). 


tion is scraped off from a section of length of tl 








۱ as heavy solid. lines on: both loops; they meas 


















| 3 P wall positions. 1 GF = catheter; Ei and E2 > = * electrodes; St= = stem. 
wires, each 0. 2mm in diameter. The = e £5 is 
nish (A d.e and. bor ded موی‎ with a i polyure nous 


int. into a hexagonal or, as shown in Figure 1, an oval |. 
‘his diagram shows on? of the wires of the bifilar pair ^ 
olid line and the other as a dashed line. Thetwocon- |. The 
& loops are shown, for clarity, separated and running. hep rue 
each other, although they: should be visualized so. Bae c d the le 
he solid. loop is in the plane. of the paper and the — 
yngruent. loop directly over it between: the page. 2 
wader To facilitate flexing of the loop, there isa... 
irpin bend (H) above the lens-shaped loop section |. 
i ilar section between the bottom of the loop and 
al and lateral loop dimensions. arê... proa 
d PE and W. respectively (typically L = = 100 to 190 E 


he electrodes (Ey and E; 3): are nade: as follow "Thei in- TE | 
e solid: 

.on the left side and the dashed loop on the right side, th 
orming a pair: of opposite. electrodes, each loop carry- ` 
e electrode. In Figure 1, the bare wire sections are . 






mm in length depending. on the size of the loop. The 
na s of the solid loop are joined: at the end of the stem: 
electrode sad. an eh the end of the. — à 





b ۲ ` FIGURE 2. Composite drawing n a منونمم‎ loop sêated i in " E 
os. the right atrium. This sketch is based on the results. of right atrial an-. x 









^ giographic. studies. ‘with radiocontrast material to delineate the atrial : 


, cause. of its s low coefficient of friction, thus allowing smooth ۳ 


` thin wire. When. the heart i is approached through an arm or. fees 
۲ neck vein, the catheter i is positioned. with its tip just. below - 


Honea at point P ae are e bosded der into “the qo 1 i the Junction. of the right. atrium and inferior. vena cava. ..- 


St) as described later. Above point P, the bifilar wire ^ 





ach i is from the femoral vein, the catheter E 







tip is posi one jit above: ENE JW ۱ U 1 
- and ‘superior vena. cava. Fluoroscopic control is neede 
re, is removed, - the catheter flushed. wit 








K the inferior: or - superior venà cava, بو‎ on ie و‎ ap- ۱ 
^ "proac ith: this technigye; the loop. will usually: open B? 
fully: oes n 
۱ . centimeters until the. Joop i is ‘fully expanded and the alae 
۳ trodes. are in the mid-right atrium. ^. 
An alternative. approach i is shown i in Figure 2. The tip of xu 
theter (C) is. positioned. in the superior vena cava . 
hen the. approach is from the arm or neck (or inferio 
vena cava when the approach is from the leg). The pacing 
op ` then advanced beyond. the tip of the catheter and  . 
springs i pen i in the atrium. The optimal position for. stabil- ES 
y and lowes t pacing. capture threshold is. achieved by. ad- . 
vancing or pulling. back on the wire. It may be necessary. to 
position the tip of the loop just into the inferior vena cava. > 
| is readily: accomplished i in most instances by imply - i 





































x iud The. wire, but in some patients the tip of the pac 







dge against: the lower right atrial wall. Tf this 
p. must bê: withdrawn in ito. the catheter and .- 
vanced into the inferior vena cava. This may 
'"hange for the flexible guide wire: For these E 
1 t approach i d ibed is preferred. _ "OV 
ws such.a pacing loop in a patient’ 8 right Ps 
ized. by. an X-ray photograph. To prevent |. 
on on the loop, we have been giving anti- 


ment to > patients, undergoing long- term. tem- 
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study. acing was continuous regardless of the pa- 
tient's position. on the fluoroscopy table. Use of this 
technique avoided administration of atropine and 


provided excellent control of the patient's heart rate. 








vent continuous pacing for 3 to 15 days. They de- 


' various conditions in which this modality of pac- 
was helpful as well as the problems encountered 
| the technique. 


se 10. ‘Overdrive suppression of و وی‎ la ectopy: a 
ear old man with an enlarged heart due to acromegaly 
severe coronary artery disease was admitted to the cor- 
care unit with ventricular bigeminy and an effective 
rate of 30 beats/min. The ventricular ectopic beats 
fractory to massive doses of antiarrhythmic medica- 
When a straight pacing wire was introduced into the 





oversion restored the previous condition. Therefore, an 
rial pacemaker was placed to facilitate overdrive suppres- 
| sion of the ventricular ectopy. With use of a percutaneous 
'hnique and the left median basilic vein approach, a hex- 
nal pacing loop (a smaller version of the model shown in 
ig. 4B) was introduced into the right atrium, as described 





1g and standing positions and with any left arm posi- 
n S i an for. ir par d 






ig was continuous throughout the study. و‎ was. s atrium’ wand the eathete 


e mid- to the high right atrium in all cases, as _ | 
d by fluoroscopic observations. A small fi- — 


a side by the : previ jusls 
d bh LO 3 mm in i length formed o on the ۰ th 


» threshold. dii ۱ 


cardiac ید لب‎ p هجو‎ ae ihe pacing ۱ 
E A "This was ; pus 


Long-term atrial pacing: Patients 10 to 14 un-- 


e individual comment since they demonstrated 


le, ventricular. fibrillation: resulted and car- 


er Methods. The } pacing capture threshold « was 4.0 ma pacing... 


nd remained stable when the patient was in the supine, 


of وا وم‎ or. deca adduction T 
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from making. perfec ۱ 





passed throug 



































quired no special skill, > 3 
Because of the patient's ari bulaioby 3 
positioning under fluoroscopic control wa 
9th day of pacing. The loop was fully opene 
right atrium but was not.making contac 
until its tip lodged against the lateral atri: 
the loop partially prolapsed against ` he media 
giving excellent electrode contact. It remaines 
tion for the next 6 days with. a capture thre 
On the 15th day of pacing, a permanent im 
cal atrial-ventricular pacemaker” (Americ 
was inserted and our pacing wire removed. 
5 days of pacing, administration of hepari 
ued. There was no evidence of pulmonary 
ing from the wire and it had no thrombi on 
removal although a fine fibrinous membrane. 
adhered along one-side of the loop for 4 mn 
only slight erythema at the site of introdus 
Pacing in this case was approximately : 
stant, and loss of pacing was easily and q 
The loop was one of our’ earlier smaller m 
less resilient. beryllium copper. The patien 




























an increase of 20 mm Hg. over the blood pre "e 











: و‎ | hal two و‎ R pursue vein 0 Kd ke 


T thes His ee atrial appendage. had been removed a 










































Case: Je Anma venou: sys stem: ^A 72 year old | 
a woman had ischemic heart diseasi and s s ràdycardid. ۰ 
ith. An atrial pacing study was plani d. Previous cardiac cath- 
he * ی‎ tion HT a nor malous. de small ve- 


pacing Was. ini- | 


















s removed 4 puse later. 2 et Haee the e the tip of. the 
1 days: | When the wire gu abutted pene the lateral wall of the r 1 









| jenna to be Atrodiet into the inferior: ven: 
guide the pacer tip distal. to the junction of t 
the right atrium; such a maneuver would 1 t 
the problem of the pacing loop tip being limite by the . 
atrial wall. Since the mid-right atrium was the distal limit, es 
the catheter was withdrawn off of the pacing. loop. The . 
proximal portion ‘of the loop remained in the innominate .. 
ied 1 vein making a right angle into the superior vena cava. This — 
of. atropine. To increase » the patient's heart compressed the remainder of the loop and impeded contact 
iac output, a 12 cm oval loop was passed to of the electrodes with the atrial walls. Thus, pacing could 
um by way of the right internal jugular vein. not be accomplished. This situation demonstrated the need 
pacing capture threshold was 1.2 ma, rising to for catheters long enough to reach into the inferior vena ~ 
the patient climbed out of bed the next day cava when the approach is from the neck or arm, or into the . 
| rning to a level of 1.4 to 2.4 ma. The patient superior vena cava when the approach i is from the femor 
was abl to sit in bed without loss of pacing. No reposi- vine T i E 
s needed, despite his attempt at ambulation. Ad- ۱ 
ion of heparin was not started until the pacer had. 




















' for 36 hours. When the loop was removed, ۱ a Discussion - 3 
mm fibrinous : clot: on the tip. and a 4 mm fibri- l d 7 Ther pacing odds described | were ; quick a and 
at an stem, There wasna o clinical evidence of pul- ` “placed in the right atrium in 14 of 16 cases. Th 


failures were helpful i in that they. provided « cer 
FO sights. about the route and method of introductio 
rest In two cases, pacing ouid not beac- the pacer. — ES 
. They illustrate different clinical problems ییون‎ ۱ ‘Stability of. pacing: ‘The stability EE position Was 7 
ni e of this و‎ dani ۱ CANT. 9 e satisfactory, : even with earlier and smaller loop mod- 
۱ — . "els. When the pacer was introduced through an arm. 
] n & vein, stability was. affected. mostly by the position of 
. the arm. When the internal ee venous route t waso 


ad shrunk te 36 mm at the time of removal. 


of the left internal: و ی و‎ vein. on the other hand C 
the left-sided , route | was s successful i in Case 13. Hr des 












perme th inttoducéd perm EL 
E ۵9 shown i in Figure ; 

















0 tly eean Pacing was continuous in 














he Ger Sleetrüde ¢ was "Use enough 





-continuous. as long as the threshold. was exceeded. 


im physical a contact. 
'o date, with the ` size of "HR udi "we bivê not 
countered a right atrium too large for this method 





», the early model loop of beryllium copper wire 
ad shrunk slightly in diameter after being in the 
itrium for 9 days. The maneuver of advancing the 
V re tip gently against the lateral atrial wall expand- 


i -than the atrial chamber. It was noteworthy that even 


. when high current output was used for pacing, dia-. 


: phragmatic stimulation never occurred in any case. 
-This may have been due to the difference between 





the configuration of the loop electrodes and that of 
conventional straight bipolar: temporary ight atrial | 











icing wires. 


idth as possible between electrodes as compared 
`. with the length of the loop and that is made of a ma- 
terial that will retain this width after. the loop is 
ed through a narrow catheter. For these reasons 


'opper. The loops are of different sizes, as de- 
d under Methods. The choice of size 





٠ heart size as determined by chest X-ray f lms. 


` . Both Elgiloy and beryllium: copper wire. proved to 

< be very durable.. In Case 11 the pacer was in place for. 
. 15 days, and we calculated that the loop underwent - 
approximately 1.5 million contractions. Other cases | 
_ when studied fluoroscopically demonstrated that the | 
-portion of the loop nearest the superior vena cava 

-collapsed as much as 50 percent of its maximal diam- - 





` eter when the origin of introduction was from the 


-meck or arm. There was never Any wire breakage, de- 


„spite these flexions. . 
— Problems i in همزمز‎ of pacer: Several as- 








^) Although fluoros 3 








ues moe The lp odi to open n fully fo ake contact i 
with the atrial wall. Interference by other catheters . 
prevent this. Case 16 demonstrated the need for — 
pansion in another way. If the loop i is com- - 

d by the superior or inferior vena cava, contact l 


r hand, actual physical contact may not ۰ 


In Case 9, the oval loop was 120 mm - ۱ 
و‎ wide, but its width did not fully oc- .— 
ete the برس ون‎ right. atrium. However, pacing was 0 acil Ops wi i 
` physician (Dr. Berens). His familiarit 
These examples may explain the need for higher pac- acteristics of the wire may have acco 


ing thresholds i in some Cases; that i is, one or T both elec- : 


they have acquired some p practice, 


acing. However, Case 11 demonstrated that the 
loop can be made wider i In vivo if necessary. In that 


| therapy, especially those undergoing long 
the loop to a wider, rounder shape; italso caused _ ing. Patient 11 received no heparin dur 
he electrodes to: prolapse against the medial atrial | 
wall opposite the tip of the loop. In. this way, a very - 


“large atrium could be paced even by a loop. smaller | on the surface of any temporary pacing wire 


coagulation, preferably with heparin, with 
“It is desirable to use a loop: that. has. as: great a 


w prefer the. hexagonal loop made of the more 
;lgiloy to the early model oval loop of beryl-. 


e is based on : 


B introduced through. the right internal. jugi 
`` were used in all three cases. The results We) 


sary in only 0 one ? ose, and pacing was satisf ory 
all 6 v aan | 


ties of the Leo 





¿pects of the method of. introduction merit: comment. | 
py is necessary for positioning — 
the pacer, it is required for far less. time than that. œ 
2 commonly required for. Placement. of temporary right E 
























ance of problems such as kinking: It i: 
that physicians unfamiliar with the pa 
experience some. awkwardness in- hand 





Prevention of thrombus formatior 
tion of thrombus formation at the tip of th 
came apparent during the early animal 
Because small blood clots were noted at th 
tip in animals not heparinized, it wa 
from the beginning to give patients. 





days of pacing, yet had no clinical eviden 
nary emboli. The possibility of throm y 


ter left in the right atrium does not see: 
cally important. "Nevertheless, we reco: 


od of pacing. . 
: We have purposely described: in detail t 
probes e encountered with "While oi new mek ; 



















on of thi’ pape with the l 


patients have 1 1 
Hexagonal loops, 55 mm in diame 


for 1 to 3 days. 


to those described for the five patients w 04 
was, paced for3 to 15 days. Repositioning ۱ Ww 










۱ و‎ ent p: 
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Center. for rth 











ew E E Mitral i regurgitation w was fo oun 


er, Minnesota. 0 cont had increased mon 1 


P : ao یی وی‎ a ‘and fue im ic f 
S en Follow-up data i in 46 such; atient: 


۱ P. i ped. "(Table T Cardiac cathetae 
: le Fra 22 of the 39 ad erg we 




























































ad ard rdiac ac Catheteri zation Data i in 139 Patients 


—— monary. arterial systolic pressure was 36 mm 

.' less, whereas in 19 it was greater than 36 mm H nae 
= tients with increased pulmonary arterial pressure — 
`. ı were older (41.1 years) than those with a normal 
۳ . (30. 9 years). Seven patients had a pulmo- 

m -nary arterial pressure of 50 mm Hg or greater. The 

e . clinical details were no more likely to identify these _ 
|^ patients. than the others with a pulmonary arterial O 
p= i . pressure greater. than 36 mm Hg. | ۱ 


V wave | t 21 was not diagnosed. from th 
A ight ve tricu ar "impulse w was. s ated ii in —— diogram unless. small Q waves were see; 

D of the second . 
A pulmonic ie 


t d a ep " E 


. leads, indicating septal activation. and 8 ng the > 
; icd that the Eu leads. و‎ werë samplin Acl esl 





“Patients : ۱ ۱ 
aa “Average Range 





Pulmonary a arterial p pressure 


Systolic دق‎ | 0 7238, s IA ef 
deam OP 20 os c9. وق‎ 2281 EC a 


d . Wedge Vwave - aa EER BE 


 Wedgemean ss 107. en y ۳ 
Total pulmonar resistance. ۹ n | 
- (units/m?) tr a) Coc 
ui ona vascular resistance, pu ae 
(units/m?) — 00 20 LB 
Cardiac index (liters/min ور وخ ان‎ M Ebo 
beri 0 ۱ ۱ 3c is^ a 5.8. 3 ; uu Qus 
Qp/Os . 0€ 0 R8 el 66.1 
L to R shunt (m) 0. A 644. 21-98 ۱ 


E 944.3 Oe 





_LVEDP (mm He) ۱ ۱ 2 3 10.4 — e 





L= left; 1VEDP = - left ventiicüler end. diastolic. pressure; ۱ $ 
e = ( systemie blood flow; R= right. 


chest. X-ray films, cardiac fluoroscopy md cineangi- l 3 


ography as well as at operation. The right atrium was | ۱ 
enlarged i in 41 patients, the. right ventricle in 42, the ^ > 


`“ left atrium in 21, and the left. ventricle - in 20. The |. 
`. proximal pulmonary arteries were enlarged in 41 pa- =- — 
: x 1 tients; and: the. pulmonary vascular mar kings were ac- hi 
ius centuated peripherally in32patients. |— ^^ 


. Hemodynamic findings: In 20 pa! eni the pul- NS 








Hg. Pa- v 


With increasing severity of the mitral regurgita- gu 3 


tion, estimated at the time of operation: (44 cases) or. 


by left ventriculography (2 cases), the left to right .— 
shunt increased slightly, but this increase was not - 


۱ statistically significant. No relation could be estab- x ۱ 
lished between the severity of mitral. regurgitation 
s 3 | and the pulmonar; arterial. systolic pressure (Table = 





` Eleetrocar diogr aphic changes: Left. ventricular 
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3 olic murmur | 
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Pressure — 





















Died — E of congenita 
a مسب‎ 1 


d d I status ۳ UO and the 
seven others improved by at least one 


on died of chronic heart failure 80 months 


























0 ede received; a prosthetic valve; baths were 
notional class IV. before Ae esse ne e ponent 











Discussion a 













he defect, 


5 brotic beer on 1 the mitral valve: aie 


. mal flow patterns in the region of the mitra : poster 27 





lass. One patient with class IV status be- ۱ 


pai d ی‎ a septal defect. and mitral Starr-Ed- k 
ards valve were intact. The other patient receiveda __ 
rk flap valve that subsequently leaked. He — 
months later during surgical recovery from — 
valve مس و‎ with. a Starr- Edwards pros- 


‘mitral valves described by Pomerance*! and Okada e! 
val The other five patients had the enlarged billow: 
` ing posterior leaflet. that i is 3 found in the prolapsi 
" mitral valve syndrome. | 
n the. entire group oe were two early | ۱ 
yperative. deaths (one from an aortic dissection — 
one from postoperative low cardiac output) and 
te deaths (two frem chronic heart failure, two ` 
۱ erebrovascular accidents, and one that oc- - 
ü enly presumably. as a result. of : a cardiac. | 


idum atrial septal defect associated with mi 
irgitation has been described in case reports ped 
ent series of 11 and 16 cases.?-?? Our series _ 
ms the impression that rheumatic valvulitis — 
dundant valvular tissue are the most frequent 
dings in the mitral regurgitation associated with ` oe 
although together these. E n 30 : NE E 


The. expiratory splitting of the second heart sound 
may have been further increased by the shortening o! 
cdd Ventricular decal as seen in sort vi x Sel a 


ot a xp f i eon n 6 ells of ph 
3 ;ecundur a septal. IRE مر‎ 






Okada et ۵۱.32 found during vale ela nor 







the valvular PE from. altered 6 Pa 9 


commissure. D 
In our series, three e patients had rheumatic heart o 


mitral ie Only one ef these patients bada an nalial Pe 


. shunt across an overstretched patent foramen ovale, . 
thus rec ecd a relation. to Lutembacher’ 8 


E o 


defect. RW p : 
Of the eight patients who had mittal regur zitation. oa 


due to.a redundant mitral valve, two had abnormal - 
thickenings and one had nodular areas that did not 
appear to be rheumatic in origin. These changes maj 









correspond to the cumulative traumatic effects. on 





There are many causes ae than’ theumatië kal 


۱ disease or redundant valvular tissue for the mitral re- . 
" gurgitation seen in association with secundum atrial - 
septal defect, and no single pathophysiologic process | 


can be implicated i in many cases. 


Diagnosis of Associated Mitral Regurgitation 


The ‘clinical presentation and natural history. of 7 


‘uncomplicated atrial septal defect have been well de- - 


scribed.22.24-27.33-36 The septal defect was readily de- - i 
tected in most of our patients, whereas the associated _ 
mitral. regurgitation was more difficult to diagnose. .~ 













murmur believed to [^ canned: bea the nnd. flow of 


blood through: the peripheral pulmonary arteries. ae 


gr ae is the poe way to موم‎ ‘miteal ا‎ 
dafinitively before operation. in patiente. with a 


ose 1 rare patients with mitral regurgitation per PE o 
cundum septal defect and left axis deviation from the (M 


i patient with an ostium | primum septal c defect. 


- Our data concerning pulmonary hypertension. : 
must be interpreted with caution because ours was a 
| pulmonary arteri- 
al pressures were considered in the selection for oper- 
lity. Physical diagnosis was seldom. helpful in - 
entifying patients with pulmonary hypertension. 


surgical series of patients in which. 


Most patients with E pulmonary hypertension had 


findings compatible. with increased pulmonary flow, - 
whereas only. three had a nos er die increased naive ۱ 


bundle branch block. reap andal 
greater than 90° will correctly ident: 


` atrial septal defect, whereas a left- 
—309? will indicate: an ostium primum 
ventricular angiograms are necessar 
۱ identify correctly t 


he exceptions to thi: l 
‘Secundum atrial septal defect assoc 


| tral regurgitation could not be differentia 
tium primum defect by indocyanine gi 
. tion curves. Review of the data from 2 


did not yield | any dye-dilution patei th 
tinguish these two lesions. : 


| Surgical Indications 


In our series, 326 patients had m mite 
tation that did not require repair. Becau 
septal defect ameliorates the course: 
valve disease by providing a pressure es 
left atrium, many. authors have comm 
need to repair. both. lesions, lest the unpi 
tral regurgitation cause complications a 
owing to Pulmonary ee ee 

i fj udgr 


: r; pat 
۱ congestive Heart: failure ı may | need d prosth tic m 
5 valve replacement. . aid. ۳ 
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EE de adequate | anatomic operan for this ph hysio 
: parent in only one patient. 


2 In nthe 1950's, distinctive pattern ns of left t to o right un 


iat than froth, the left تس‎ was Mp oA : 
z cundum à or sinus. venosus wi plier septal d defer 6 


BE eer finding, veta Teen explanation and sê 
cal relevance. ۵ E ۱ 


F 'om the Division of یج‎ Depaiimelt c of. DUE 
we ediatrics, The Johns esie ipla ed aS both the left and right pulmonary ar 
9t M dy © ` male, were aged 1 month to 14 yea 
`. under local anesthesia after preme 

BF and ! pronjethéniné,o or t with 2 Fentanyl : 


tiation hopkins! o Ta 32, BC ae 





ves fecorded from the femoral artery after injec 
e green dye in the left and. right. pulmonary arteries 
d right pulmonary veins (b). The arrow indicates — 


ion. There is predominant shunting of the left pul- 

turn. Appearance times in this and subsequent di- 

corrected: for.collecting system dead. space, which is 

ach pair of curves. LPA and RPA = - left and right pul- 
neries: LPV and RPV = eft and right pae veins. 


patients, due curves. M both: the tight Ead left Hu te 
nary veins were also recorded. Anomalous. pulmo- ET 
enous. ا‎ s was کک‎ by. Pulmonary 4 arterio- ۱ 


E type. jn one, apr r 
. “ered possibly |y ca 
right veins. across ihe opening “of. the defect, Teavit 
“the. left veins 0 drain. more directly toward. the de 


d equal fy both sides "ig. 2a) andi in i3 e ۱ ۳ : Mech ES 


ht pulmonary | venous betur (Fig. 2b) iQ = 
m the aF with the e larger shunt had vcs PT 
er 1 eci 


Bee six pi with SS ik n 2t 
, cleft gl the left and. rhe if alee ۱ 


۳ of “hand is l E fter injection in 
ılmonary veins. D pulmonary. arteries in patients with parti s anor halo 


H e datorattial = l ۱ es 
mm. Hg and. : 


Kal defe 





| patel: Hesiodi Mackie ug 
` We conclude that although the demon 
a preferential left to right. shunting of left p 
.. venous return warrants a careful search fc 
. lous left. pulmonary ° veins, this phenome 
` theless. quite consistent with s an.  uncomp 
۱ eundum atrial septal defect. VE 
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alifornia 


a to lidocaine at usual: BIOS lev v els ۵ but cessa at ‘high t blood levels, um 
and two. patients manifeste: toxicity without suppression. of arrhyth- vey, 

. . mia. Persisting ventricular irrhythmia during. lidocaine therapy most e 
|. . often results from mechanical interference with the intravenous infu- — 
= sion route or from error: drug administration. When. these factors are | 

` excluded, there is a ‘spectrum of ‘patients who. manifest. various: de- E 
grees of refractoriness to lidocaine: P d E E 


5 Lidocaine has e dope" ue : ee ; an esc d drug f for t the E 





"Hospital Diagnosis — Failure = ME Digitalis ۸ 


B D Papillary muscle TÉ m ۱ 
= dyeta nction - | 
erat 195/92 


۶. با‎ UA Acute Yes NSR. 90. Mop 
ار‎ arrest = ۱ re Mq T 
Mu 2 MM s Ce. 100/88 
Cor insuft, 0 NSR — 80 170/85 

` Post-surg. VT od. . 0. Yes - n | n^ 080 — M8 /68 32 

5 ` Acute MI, CVA. . Mild X Acute |— 0 — 3 . 8@ -. 15/5 ^ X 
` Pulm. embolus, satis d Old - pes * 093 14 mo 
| chronic VPBs^ [o NEC TE xu ee 


ps mined. withi hir 
E normal range in salle cases. 


F Lidocaine Infusion Procedures. jd 1 : 


| reor 
< paper speed of I 


on 2 tricular pretatui 
T At the esie 





jarrhythmic : Proc 


henylhydantoin: Ls em : lidocaine; | Proc = : proca ami 


. When either s suppression | or toxic symp- 
1, theii infusion. was RE After 1 the. td | 





BAD‏ نت 





EF Toa YRS A ES ; 
NN i 3 - y 


D. The ey of ventricular a beats, 
ine dose and pasma lidocaine data. This patient's 
türe beats had been refractory to a lidocaine infu- 


es و‎ a ao do. "Ao 


E FIGURE 4. Case 8. ‘The frequency of ventricular بمب‎ beats, ۱ 


cumulative: lidocaine. dose and plasma lidocaine data. This patient" S 


ectopic B beats \ were dE to an son rate of: 4. 0 rh ^ 


g/min, 4 but intermittent large-dose infusions demon- - E 


te suppressibility of ectopic RM at blood. levels. E ۱ 


T 5.8 to 7.8 wae 


| e followed by continuous و‎ rales: of. id 
. Lidocaine b:ood levels in two. of the pa- - abili 
rumes of s resistance were 3 Ho and - pe 


sb. infusions i in one Et patient is. da- Ns i 2 la OV 
ure 2. The ventricular ectopic activity . In onec 
ded: n when no » lidocaine s was ad- a: 


i rp senegal leds; without i serum | enzvme evi. ۱ 
or 1 uio ind -— Patient v was ee m 


sults 9 were gral Re in tiree of ۱ PME in 


e: 7 to. 9), large~ lose intermit- pt press the n 


. Intermittent ت‎ 





: cumulative lidocaine « dote: and. d geom ‘idocal e date: ‘This, pa- : x 
ts Jsotople beats had been completely unresponsive to lidocaine rae, 


۱ e-dose infus sions. yielded soi ession o of ven- m - 'Cumülat 
la r premature beats a at Agee پوس وله‎ levels ۱ x 


md deno premature ‘beats 3 a "t el of 45 ‘ng/ml E | am ug/m nl, 
Table N i. Une ES 


© Suppression ot achieve 


FIGURE 7. 7. The EP lidécaina data from all 
: patients are summarized. Suppression of ar- - 
ia was defined as. Vict wisi din of *2. 


dini ds INE 


d do exhibited toxicit A without ‘evidence of 
ythmia suppression. : 















































: con- E" blood: ‘levels: ‘equired: for “response. In 1 two patiente 
` (Cases 11 and 12) the arrhythmias were completely ° 
a coe aces to lidocaine Dod coat that were suffi- 


* 





۱ E. usual therapeutic range for | de 
a tended 1 to » 6. 0 peg these bl nu | m 


Discussion = | Eo S acto ventriculi “ect 
۱ e-dose infusions: of antiarthyth- i panos under control. rrr ie i 
assess ‘dose-response relations were used : 
al.4 in the evaluation of diphenylhydan- 
t patients the technique yields a repro- e ventricu i 23 
d for measuring blood levels required ic béats are lT However, there i is a definitely 
suppression. Two assumptions arein- increased possibility for adverse reactions in admin- 
Opes of — Te first i is that the istering these larger doses. Serious. adverse reactions _ 
۱ ` such as respiratory arrest and seizures can generally . 
be avoided by reducing lidocaine infusion rates when 
study. signs of mild toxicity, such as grogginess, lethargy or 
8 | ‘exception ¢ of Patient 8, who mn . blurred vision, appear. Although blood level results 
— were available only retrospectively in this study, the 
ready availability could be helpful in managing pa 
` tients with apparent resistance to customary lido 
` caine doses. Other antiarrhy hmic drugs, such as pro- 
3 cod cainamide, were not quantitatively. evaluated in thes 
3 Kittens tarke-d dose: iino method same patients. and may, for some persons, be more ef- 
blood levels required for suppres- fective than. lidocaine. Other drugs certainly should 
ich of dela in Dari term meth- - be used if lidocaine toxicity appears without. E 
EE quate arrhythmi ia suppression. E 
` Jdentification of nonresponders: There. wer 
particular. features in the clinical history or hospi al 
` course to identify those patients with partial or com- 
` plete resistance to lidocaine therapy. Several of these 2 
| patients had frequent ventricular premature beats - 
representative of the 4 entíré De . with a periodicity suggestive of parasystole; however, = 
ee 953 E MY TT a | constant Berasystolic: interval was not always main- Ew 




























i bea v cótredation between tho. éxtent of refractor 1 
ness to other: antiarrhythmic drugs and the degree of .. 
unresponsiveness to lidocaine, as was "pes ev- an 

| ident f for TE 11 Land 12, a 










۱ ie. "Exclusion ot those هط‎ i in who 
© infusion rate had been compromised, or 
- whom the drug administration scheme 

quate, reduced the incidence of apparent resista 
| : to yeaa peed 4 Lor ae 9f t our petiere. Wit 









ete the. ; broad spectrum of tr - rit 
bo soul to lidocaine. | s x 





aral ۱ hasnt 
in [per omis 









































ted Manikin T 1 reac ch Cardiovascular Disease 






GORDON, MD, PhD, FACC An antmated: imanikin simulating 5 50 cardiovascular disease. 3 s | has E 
EN - been developed. The diagnostic features include arterial and venous — 
; pulsations and chest wall movements that are synchronized. with 
acoustic events representing th our classic areas of auscultation, 
wide radiation of murmurs and breath. sounds. ‘Additional features in 
clude changes in eye grounds: and pupillary reactions, the occurrence a 
of stroke, automatic aging (with | greying of hair), cyanosis and change 
dn blood pressure, Ane oper 















decoy model ae یی‎ to be نی‎ for ctinieal 


versity, Duke Uni ive sity ity, E iver ۲ 
The anim ted i man kin and its escis aids, v with » emphasis o on ps em 







| disease i is eins hei ut ‘with: the t 
rov rare. ‘Each manikin will be coupled to 
`> a computer programmed to present 50 or more cardiac disease states. E 
"The physician-student may. ask questions about various heart and 
Med. vessel diseases. (including. his specific problem cases); the mani- . 
| i-re pond by displaying the desired information. The goal isto `. 
1 seed available and effective educational ند‎ Tas 


` manikin to: t 
objective of in 










1 uimated mahikin and ita FS En 
"E coelated teaching £ aids. with “st: emphasis on patient simulation, 

may hel | to meet two major. need (1) to produce more and better. 
trained. fans Hi less pue at Arn | cost, and 0) to viruses an 1 ob ۱ 

















"The pec it f conste So and u using such a مه‎ A dévico : 


Mia School o ot Medi- ia 2d been demonstrated by the work of Abrahamson and Denson! i sed 


E the eel at of Sim 1, a ار وی وی وب‎ manikin designed to IN 









E. E teaching [ y ires en 2 ‘Bech’ ls iye 
u ting. bedside physical t fine 






































Methods of Procedure 


. We have now constructed a multiple disease state 
manikin (many disease states in one unit) (Fig. 1 and 
.. 2). The five categories of bedside diagnosis have been 
used as a guide: history, physical examination, elec- 
trocardiogram,- chest X-ray films and special 
diagnostic (noninvasive and catheterization) labora- 
. tory procedures (after W. Proctor Harvey, MD). The 
. physical examination has been subdivided into five 
areas: general appearance, arterial pulse, venous 
i: “pulse, chest wall movements and auscultation (after 
Joseph K. Perloff, MD). The project has four phases: 


"Phase 1: Construction of multiple disease state 
manikin (physical examination) - 
Subphase 1: Mechanical methods 

















bp Adc itional simulation methods (eye 
grounds, e blood pressure, 














poene dier tee 
hemodynamic data) 
Phase 3: Evaluation 
—. Phase 4: Computerization 





. . Phase 1. Construction of Multiple Disease State 
s Manikin 


"This phase has been completed in experimental 
form, and a model has been operational for more 
< than 1 year. Space, personnel and funds have been 
made available that should allow completion of the 
project during the next 2 years. We are currently al- 
tering the experimental model to a true prototype 
that will be reliable enough for constant use in the 
evaluation phase. We are converting. the simulator to 

















un m SEES 


Subphase x» Mechanical Methods 
Mechanical movements have been div 







Wovement have been Kien De each 
the area Tapy be E immobile. The areas i 





or هل رو جوم‎ noise and the. 


elal vely large speakers to project the low 

۱ haracteristics of heart sounds. Sounds are 

ed. exactly; that is, they are arranged so that 

en sound is best heard in the area in which it 
n the disease state. 

rack stereo tape system (one track each for 

tricuspid, pulmonic and aortic areas) has 


ped for each of the 50 diseases. This new - 


antaneously calls up the correct ausculta- 

igs by way of a signaling and receiving de- 

into a special stethoscope that is normal in 

ince and activated on contact with the mani- 
est wall. We learned in developing the single- 
ase state manikin that one of the greatest chal- 
ds synchronizing the simulated movements 


the acoustic events. A system for exact syn- 


nization has been developed. 


idition to the four tracks described, we have — 


y added tracks representing breath sounds, 
radiation of murmurs, abdominal bruits and 
ressure ( Korotkoff sounds) for each disease. 


bphase 3: Additional Simulation Methods - 


prototype model head for display of fundu- 
indings appropriaze to each of 50 vascular dis- 
s been completed (Fig. 2). The physician- -stu- 
es an ordinary ophthalmoscope to activate the 


which includes not only funduscopic find- 
but also a variety of normal and abnormal pu- 


y reactions. 
applying a few drops of saline solution to the 
» pupil automatically dilates, as when a mydri- 


given, allowing the examiner a better view of 
dus, In addition, the lips may become cyanot- | 


oke may occur (unilateral facial weakness) and 
aging develops (graying of hair and wrin- 
cial skin) so that the manikin’s age will be 


ie disease state called up. Other fea- 
lation af impulses : and various per- 3 


lly, blood pressure E for d 
e state cena be taken i in nie uana! fashion. 


, toes st te e A h 


8 verity. The n ext step is s) esis Q f c 
i rope ately m mat sched historical, 


B oe ee Sonar reco 0 ithorities. ۱ E 
" Thavé agreed. to و‎ abd review w background da : 


A random access callup system. capabl 


` ing 1,000 different bits of information wi 
display: the data. At the touch of a bu 
background information will be provided 


ly important, the manikin will be capable 


— change after a simple request for “follow-up , 


manner, a "patient" admitted for the evaluat 

chest pain may subsequently have an exten 

farct with pump failure or a “patient” who undergoes 
mitral commissurotomy may 10 years later have re- 
stenosis, associated with an older appearance. anda - 
change in the bedside findings, electrocardiogram. p 
and other data. ۱ 


Phase 3: Evaluation ۱ 


The manikin will be evaluated at five institutions 2 y 
on a rotating basis: Mayo Clinic, Rochester, Minn; 
Duke University, Durham, N. C.; Georgetown Uni- 


versity, Washington, D. C.; Emory University, Atlan- 


ta, Ga.; the University of Miami, Miami, Fla. Partici- — 


` pating faculty members will attend a -preprogram ~ 
` workshop to. standardize procedures and content. . 
` The goal of the evaluation will be to attempt to iso- 7 
. late the effectiveness of the manikin as a clinical. 
training device and compare it with that of more 


usual training methods. Evaluation at the. end. 0 
training will consist of an oral and written examina- 


. tion developed. by experts i in the field and participat- ` 
ing groups. Four groups, randomly assigned, will be ` 


used in two training programs: (1) nurses and nurses’ 


aides (the latter might perform such simple tests as 


blood pressure measurement and determination of 


. apical rate); (2) medical students at 3rd and 4th year - f ۱ 
.- levels; (3) house officers (interns. and residents); (4) 


fellows in. cardiology. A fifth group of practicing phy- _ 


sicians will also be considered for evaluation. How- ` 
ever, variables such as age, educational background, 


type of practice, professional experience and length T s 
of time in practice are difficult to control. E 
The two clinical training procedures will be (A) on« 


d designed i to teach those concepts and syndromes pr 

` grammed into the manikin; and (B) one utilizing the 
` animated. manikin. While we recognize the limita- 
tions to successful assessment of clinical competency, لا‎ 
we hope that two major questions can be answered: — . 
(1) Across groups, what is the performance. on the — 


final s asa function of the dn method 


groups—that is, is the. iabikin- a mor E ic 
training device for one group or another? Additic 
P. "d given wall and attitudinal t tests. will be e develop 





H be to de should A el ae 


vithout t the manikin, might empha- 


ferences between these groups. 45 [t might be best to ۰ 
troduce the manikin in the context of the clerkship - 
programs already operating at the cooperating insti- 


ns. By utilizing the manikin in this natural envi- 
nt, information relative to the manikin’s abili- 


each might be more valid. Alternatively, a third 


` trained by the “usual” clerkship method 
t be introduced. Medical schools with less highly 


ped cardiology programs. might also be includ- 


issess the impact of the manikin i in such an en- 


lly, part of our elb ‘design’ could sis as- 


the manikin as a testing instrument. Here, too, 
-are problems, since the groups trained with the 
du would is e Haly to pele better when test- 


pool h has ‘eo 8 
omid a au- 2 


: atis ies ۱ = oo and ov aids shoùld D 
ng iiis pon am 


Tn i for the C CBX Dioba ia. C 
nerican Board of Internal Medicine with the goal 


ur manikin to avoid duplication of effort. 


r ‘current pepe iac involving eren E 


n ronment. - 


sone: Based. 
ixamination System, a project conducted jointly by- 
National Board of Medical Examiners and the 


Advantages and Pitfall 
Advantages 5 2 5 x do que 

We believe we have demonta 
and reliable cardiovascular disease 


: built. The potential advantages of. suck 


clude: | i 
1. Unlike a real patient, the m 
tired, worried or abused. It is always a a 
students’ ‘convenience. | 
2. Interesting, instructive and | 


tients" can be called up at the toucl “of 


While patient. encounter is obligatory in me 
cation, the number and type of patient: 
student and his opportunity for follow: 
pEr Aranon making are TT 


volved and remain [0 T 


4 The a di of variables I sh 


age is is specialty aad d geographic gren physic 


e manikin's mobility will make it readily ; 


geographic areas where the need for upgra 
cian education and patient. care is greates 


where consulting physicians are unavaila 
of medical centers. | : ; 


6. Because the imla combines 1 1a] 


.self- -teaching methods and teaching ê 
the educational process as it relates t 


tional media will be simplified (centre lized, 


` ficient and potentially reduced in cost. - 


y. Because. the manikin may be e 
instruction: as well as self-learning (and a 
it may help. meet t ie need for excellent 
keep. pace with the i increased numbers of 


T m enrolling in our medical schools 


8. “Feedback” i is a critical element 


h 7 ۱ onal process: The student must hav 
tilizing computer capability to measure clinical 
etency). We hope to wed some of their program 


ty to reconsider, find and correct his erro 


. reinforce his. learning with appropria: 
program. ym of our simulator 0 
mension. TEX 





nen bando on n His 2 ri must 


nt inf ormation on patient exami- — 

۳ 0 contributors were expressly chosen for the 
achers acknowledge T appropriate > 5 

student interpretation of tapes and graphs: - 


adequately assess ability to extract the same 
rom the patient. The manikin, exactly 

he patient as it does, will add this essen- 
nsion, teaching, for example, the proper use 
tethoscope and the correlation of tactile infor- 
from pulses and chest wall movements with 
formation. In this. era of E ne and 


in ‘the OR ie future." In the clin-‏ سای 
ctice of the most advanced and sophisticated‏ 
me core, the physical examination is fundamen-‏ 


rning ihe patient's s care o than all MiDoratory qud 
d. The manikin will provide the dimension of 

le examination as objectively as possible, and 
yension must not be bypassed in favor of labo- 


data, pictures, recordings and graphs, which Es 


plemental—but rot basic—to patient evalua- 


Our اون وم‎ needs not only more physicians in | 


of patient need, but also an objective meth- 


me easure their cinical competency.” Most 


examiners agree that patient- -oriented 


s are necessary to assess a physician’s ca- - 
to interpret patient complaints and findings, 


y also recognize the subjective nature of such 
he manikin coulc be used to make previously 
ive judgments of clinical competency in oral 

riented examinations more objective, for ex- 
in the certification of “Board” candidates as 


ing: vieni. puust ۳ سیسات‎ in à. format 
0 the student. 9 The eo agron ann 


om one institution 


we. ees that ایو‎ ro o i iti ic 1 ef él Bs. wil 


avoided and the excellence of a e ass Sed Es 


۱ (pd ad. incedo clinical: cardiology 


electrophysiology, radiology, hen odyna 
macology, surgery, pathology, and othe 


ability. 

2. Will T cost of pi unit ( after the it 
totype) be impractically high? Although v we cann 
yet set a price for our manikin, it is likely. to be less 


than the cost of buying separately an equivalent com- 


bination of the teaching aids and devices now avall- 
able or currently planned, and in the manikin they | 
will be embodied in one correlated, synthesized unit. . 


Further, the amount of dollars saved in secretarial - 3 


time, utilization of hospital. beds for teaching, and 
transportation in bringing in real patients for teac 
ing and. testing (including Board examinations) is 
likely to be considerable, and the inconvenience and [s 
potential abuse of patients caused by such arrange 
ments will be avoided. ۱ E 
Probably most important in assessing the cost: of 4 : 
ice such as ours is an estimate of the number of 


ho might. be trained by a single unit.? Es: 
ly [ medical and paramedical students could 
| ded trained using a cardiology simulator since the m: 
` jority of deaths in the ۲ nited States are due to’ ca 
^ diovascular disease, and. strokes account for anothei 
significant percentage (our manikin will teach cere- ~ 


 brovascular disease as well). In keeping with the con- E 
cept of. teaching what is most important, not what is - 


obscure—that is, the causes of patient morbidity and = ۱ 


M mortality—our i manikin covers the most vital areas of _ 


medicine. In this era when public health consider. 
ations must be directed toward priorities, vascula 
disease is. preeminent. In addition, the techniques we 
are developing will be applicable to other subdisci- 


plines of general medicine. The technical complexity 


of correlating and synchronizing multiple chest wal 


` movements with heart sounds and murmurs var: 
with. respiration. in a patient with multiple valvul 
` disease is such that it would be relatively simpl 
= -simulate various degrees of hepatosplenomegal; 
`. -abnormal bowel sounds or an acute abdomen. As. 
: example of the broad application of such a | device 
. fellow in cardiology could be trained to recognize un 


common cardiovascular. diseases. Or sophistic ex 


0 ۳ subtle bedside findings, à. beginning me 
^could be trained to use his: ‘stethoscope p 


E 8 hear his. first 1 murmur, a coronary. care Sires n 





7 Instructional Resources ( Center; ‘and ees 
E P Drs. W.: Proctor Harvey. Cumphill N N 
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A eee of a rare case of aorticopulmonary: septal de >C 

. rupted aortic arch is presented with cardiac catheteriza! 
cardiographic. and autopsy findings. Emphasis is placed ont | 
ing of the interrupted arch by the presence of an ای‎ 
septal defect and patent ductus arteriosus. ۱ 


Aorticopulmonary septal defect is a rare ی‎ and when 
found in association with interrupted aortic arch it is even more un- + 
usual. Only four cases with this combination of defects have been. — 
previously reported,!-4 and cardiac catheterization data are available 

in only one.^ This paper describes a fifth such case, with cardiac c: 
eterization data, and draws attention to the diagnostic problems. i 
herent in this anatomic ic complex. 


Case Report 


A 6 week old male infant: was ‘referred to the University of Illinois Hospital 
because of progressive wheezing and respiratory distress of 2 weeks’ duration 
He was the 3 kg product of an u neventful gestation and delivery of a 26y 
old primigravida. Hemoglobin was 9.4 g/100 ml on admission. ` E : 

On physical examination, he was markedly dyspneic and slightly c raHoite 
No differential cyanosis was noted. The heart rate was 180 beats/min andt 
respiratory rate 80/min. There were expiratory ` wheezes over both lung: fi 
but no rales. The peripheral pulses were all quite weak. Blood pressures \ 
not obtained. The precordium was hyperactive, and the. heart was enlarge 
There was a parasternal impulse. The second heart sound was loud. and s 
gle. The first heart sound was soft, and there was a gallop sound at the k 
left sternal border. The liver was palpable 3 cm below the right costal margin 
The chest roentgenogram demonstrated cardiomegaly and increased vascula 
markings. The electrocardiogram demonstrated a frontal QRS a axis of +30 

oe "s and combined bonds nd. atrial hypertrophy: (Fig ). Aft 
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Simultaneous pressure recordings in the ascending (Asc Ao) and descending (Desc Ao) aorta (A) and in the ascending aorta and — 
nary artery (MPA) (B). The electrocardiogram is shown at top and the pressure scale in millimeters of mercury at left. Despite the | > 
۱ variation, pressures im the ascending aorta, descending aorta and main pulmonary artery are equal. | Po ge 
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It autopsy, examination of the great arteries showed a | 
rmally placed. ascending aorta continuous with the three . the catheter course. QUE 
major branches (Fig. 5). Nc connection was found between In our case, the arterial catheter was introduced 
e ascending and right cescending thoracic aorta. The through the femoral artery and advanced easily int 
ulmonary artery was quite large and ae nd a: the ascending aorta, taking a course consistent wit 
| rid tett " Himanáry arterien and nns. ia x an intact aortic arch. Because of severe pulmonary: 
e latter by way of a large patent ductus arteriosus. A h pan e aa cal ca ane cei 
ge aorticopulmonary septal defect had been surgical HY PETLENSION, pressures were Te entical int e ascena- 
J by direct suture. The ventricular septum was intact. ing and descending aorta and pulmonary artery, ti 
za MEM NEM MR giving no clue to the presence of aortic obstruction 
. . . Discussion | mE Although the cineangiogram obtained after main pul 
» of the four previously reported cases of aor- monary arterial injection (frontal view) was highly 
pulmonary septal defect with interruption of the — suggestive of interruption of the aortic arch with fil 
ic arch were diagnosed at autopsy 13 The fourth ing of the descending aorta from the pulmonary ar 


was diagnosed at cardiac catheterization. Since tery, it was nondiagnostic because of the large shunt: 
| catheterization was performed by way of through the aorticopulmonary septal defect. Deter- 
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۱ Although echocardiographic sais reliably diagnoses idiopathic hy- . 
pertrophic subaortic stenosis by detection of systolic forward anterior . 
mitral valve motion and estimates severity. of obstruction by the timed 
mitral encroachment of the interventricular septum, echographic ste 
nosis may occur without hemodynamic obstruction or pressure. gradi 


ent across the left ventricular outflow tract. Demonstration and mecha 
nism of this apparent inconsistency are described in three patient 


. with a previously unrecognized state of idiopathic hypertrophic subaor 
` tic stenosis characterized by marked systolic forward movement of the 
۱ anterior mitral valve without | a simultaneous. intraventricular. pressure 


gradient, resulting from uneven septal apposition by the anterior leaf- 


`` let. Echographic ‘obstruction indexes (40, 34 and 31) during cardiac - 
3 catheterization n the three patients. were | redictive of respective peak 


۱ B. septal i coni consistent with seve 


waive i t the. absence < of f hemodynamic rena 


^ or papillary: ai cle, 50 that its chordae tendineae produce | jreater ten 
|... sion on the. posteromedial aspect of the anterior mitral valve. Thereb 
a the posterior portion | of the f afle Lis pulled forward more than its ante- 
``. fier side, allowing marked s ystolic forward anterior mitral valve motion 
without a pressure gradient | ۱ idiopathic hypertrophic subaortic steno- 
| sis. vl 


= Behocardingrapbic deteviia f abnormal systolic forward thovement ۱ 
. of the anterior mitral valve provides a reliable, sensitive and practical 
` means for the diagnosis and. assessment of idiopathic hypertrophi 
^ gubaortic stenosis. In addition to permitting identificatior 

this condition,-4 the amplitude of abnormal mitral motion | 


strated by echogram has been. shown to afford an estimation 
degree of subaortic obstruction in idiopathic hypertrophic : 
stenosis.^9 Further, a more precise echocardiographic. mei 
quantitating the orifice area in idiopathic hypertrophi Sì 
nosis n been reported i in which the duration, n narrowil 


ud. اه‎ E septum during ejection, i 
the calculation of an obstruction index.’ This 


- approximation of the intracavitary gra 

_an important contribution to the nonit va 
`` ic hypertrophic subaortic stenosis in 

E hand, Suma من مر‎ e and 
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a bul a Simditaneons pressure v radiant à across m 
left ventricular outflow tract... 


۱ Presentation of Cases. 


Patient 1: A 20 year old laborer was evaluated at the were qur] Pid ی‎ output (Cardiogmees, 4 dye d 
Sacramento Medical Center for a known heart murmur, tion) was 3.1 liters/min per m? with 80 ce forward str 
"asy fatigability, dyspnea on effort and precordial pain volume. Thé aortic and brachial arterial pulse pf 
ith exercise for 1 1 vear His mother and brother had cardi- 

















ventricular اک‎ (60° left anterior E. que 
30? right anterior 1 projections) ibis 


| : TS 
and indirect. carotid. tracings. The eee and 
. chest X-ray films revealed left ventricular hypertrophy. _ 
: ^ n یا پم‎ were obtained with e a 10 cm focused let cHaractenistic: of idiopathic hypertrophic ¢ ۱ 
۱ nosis." There was also a prominent superio 
bulge, mild mitral regurgitation and an increase 





















e dor Medicine strip- ae al The Ner valve ie 
.gram in Figure 1 demonstrates the characteristic markedly 
bnormal anterior systolic motion of the anterior leaflet 









SENOS. ‘Typical multiple systolic echoes of varying for- 
ward ی‎ ied are observed. urn there is anterior 






























mitral echogram recorded simul ^ .. 
taneously with left ventricular ^. - 
pressure (LVP) and left brachial - 
arterial pressure (Ao). Abnormal 
systolic forward movements of 

the anterior mitral valve before 
(SAM,) and after (SAM;) single 
premature ventricular contraction 

are indicated. 








was established by findings at cardiac catheterization per- 
formed at another hospital. À ventriculoseptal myectomy 
performed at that time resulted in relief of the symptoms 
for 5 years whereupon they gradually returned. Two years 
before the present admission, cardiac catheterization data 
revealed no subaortic obstruction at rest and a peak systol- 
ic intraventricular gradient of 25 mm Hg with isoprotereno 
stimulation. 'The carotid upstroke was rapid, there was an 
accentuated apical impulse with a prominent S4 and a: 
grade 2/6 systolic murmur at the lower left sternal border 7 
and apex that was unchanged by the Valsalva maneuver, 









































Biplane óbtiqi left Wa مزا‎ eee aida purs 
-strated a prominent superior septal bulge and mild mitral 


“regurgitation. Forward motion of the anterior mitral leaflet - 


án systole was visualized, but with some difficulty. Echocar- 
: diography revealed the markedly abnormal forward move- 
ment of the anterior mitral leaflet during contraction typi- 


cal of idiopathic hypertrophic subaortic stenosis (Fig, 3). 


- Location of this systolic anterior leaflet excursion required 
“considerable searching with the ultrasonic transducer and 
n it was detected only at a single specific angle. The cal- 
lated obstruction index was 31, a value that would pre- 
dict a resting subaortic gradient of 20 mm Hg.’ Widths of 
ie ventricular septum and posterior wall were 22 and 14 
m, respectively, with a septal-base thickness ratio of 1.6. 


echographic stroke volume was 77 cc compared with 


he dye- dilution value of 68 cc. 


Patient 3: A 45 year old man with a heart murmur for 28 
ars was referred to the Sacramento Medical Center for 
aluation of dyspnea on exertion for 1 year. The carotid 
> of rise was increased, the cardiac apex was hyperdy- 
with an S4, and a grade 2/6 ejection murmur heard 

1 ower left sternal border became louder. during the 
alsalva maneuver and with administration of amyl nitrite. 


-Chest X-ray films aad the electrocardiogram demonstrated. 


= ‘enlargement of the left atrium and left ventricle. 
<. Echocardiography was performed at the time of trans- 


" ct septal and retrograde left heart. catheterization. No intra-. 
.. ventricular systolic pressure gradient. was observed. at rest 


^ during retrograde measurements nor was there a gradient 


between the transseptally measured left ventricular pres- 


süre and the ascending aorta recorded from the pulled. back 
: retrograde catheter. Left ventricular end- diastolic a 


FIGURE 4. Case 3. u. ie Ts Unre-- 
d. mitral echogram. record: - 
ring transseptal deft heart. 

terization: 3 


daero ul alve coo prin 
tiation of severe versus mild- es 
whereas repeated examination sepa 
from labile stenosis and p provocati: ۱ 
tect latent obstruction.256 To impro 
ment of hemodynamic sever 
subaortic stenosis, by echoca: rap 
proach has recently been. modified by: 


of the duration of outflow tract 


ejection in addition to the degree of ep 
ment. P d the mitra] valve. 7 relata ti a 


ing z systole. T This adex has n 1 
closely with simultaneously obti 
pressure gradients i in | idiopathic hype 


tic stenosis. | 
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tract obstruction by echogram before cathe- 
a but who had li:tle or no resting gradient 
catheterization. Tis lack of correlation be- 
echographic and hemodynamic evidence of 
was attributed tc the well established vari- 
j in. resting obstruc-i Aon characteristic of idio- 
hic ypertrophic subaortic stenosis and possible 
rences in cardiac output. Importantly, the pres- 
es upport an alternative explanation and pro- 
‘new observation in idiopathic hypertrophic 
ic stenosis that accounts for variability of ob- 
in patients with the same degree of abnor- 
al movement. Taus, echocardiographic as- 
of obstruction may substantially overesti- 
modynamic severity of stenosis. 











of lack of intraventricular 
ft intraventricular systolic pressure 
iopathic hypertrophic subaortic steno- 
wn by ang: بو‎ rude and ii ied 

















ment and abnormal cavity angulation together wi 
uboartic stenosis wko appeared to have severe | 


` mitral valve leaflet forward into the outflow tract tc 
meet the downward contracting hypertrophied s se 
tum. i 


` medial side of the anterior mitral valve. Interferen 


1 septal contac: by anterior. mitral leaf- - 


: ovd bs dinig contraction while t 16 


sion of the anterior mitral leaflet 
|. no intraventricular pressu "t gradi 





f ود پآ‎ 
ubaortic — ‘stenosis. The mitral. 
th mares recorded from three 





with multiple layered: echoes ‘due Bt 
to oblique beam contact on the. 

leaflet edge. T3 = transducer 

pointed toward the anterolateral .. 
part of anterior leaflet showing Sag 
minimal abnormal systolic forward) 
motion. IVS = interventricular ^ — - 
septum; L and R = left and right; = =. 
LCA and RCA = left and right cor- ^. > 
onary arteries. : AER 





paratus durus systole. This marked increase in mid- . D 
superior septal mass displaces the anterior papillary _ 
muscle anteriorly, superiorly and medially away from 


the major longitudinal axis of the cavity. During ven- I 












tricular systole, anterior papillary muscle malalign: 





loss of apex-base shortening produce traction on th 
chordae. tendineae which, in turn, pull the ante 








Because of the variable apao of the iter oF : 
papillary muscle in idiopathic hypertrophic subaortic ^. 
stenosis, the chordae tendineae originating from it 
may lie more to the anterolateral side of the septal . 

bulge when the base attachment of the papillary - 
muscle is particularly. displaced forward. With the .. 
chordal origin markedly anterior and relatively less ^ 
medial, proportionally greater tension is produced on © 
the longest chordae tendineae, those to the postero 















with function of the mitral apparatus caused in 
manner results in closer proximity of the. po 
portion of the anterior mitral valve with the 











anism is the ete pad اد وم‎ Viet | is ‘consistent with 
the simultaneous findings of marked anterior Su 
ng ejection and > 

tatrest(Fig.2to 
d to the anterolateral edge put 












V 1 ich 0 defines iê har Owe ns 
٠ any ی‎ i in mitral- 


na orifice due t t6. uneven mitral- septal 

t would account for disparities between echo- 

phic and: hemodynamic stenosis as demonstrated 
patients. T 

erations y operation: The aeda systolic 

ptal interface observed postoperatively in 

2 is consonant with surgical experience with 

ilomyectomy in other patients with idiopathic 

subaortic stenosis in whom the echo- 

cineangiographic a normality of mitral 


08 سوب‎ contraction. may., be: incom- — ۱ 
| odynamic  orientátion. 9 Th ی‎ bye 
~ stenosis, this layering pheno 

i v tendit too occur on the, nave 


that 4 ۱ è postoperative 
iS a x the | 


s there vitt “mitral valve move- | 
ment. by the retrograde catheter?: از‎ the 


electio characteristic of uneven 1 m 
tact. 
Moe echoes from irregula 


: ۱ E Kathryn N Marr." 
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۱ | Mié-diastol c سوام‎ 


) TON. Tavet, MD, 'FACC Zt 2m d den disease. On the “apex c cardiogram the 50 in 
T 2 Be "n | busco wave ud 60 msec and preceded d à vave. 


v idly رو‎ left ventricular سس دیزی‎ with 
tricular failure. ۲ treatment of the اس با‎ ‘hea 
sound diminished in tosi | | 


X e Heart sounds are audible vibratic one that : on 
oo و‎ in e ore irrin C 


<- heart valves and their att chments, the z 
Nx and the. blood ^ easels Diastolic : so nd: h 
us such events. as 0 ipid ventri li 


vos À 49 year old man was 
Io 4m. May 1973 with ao 
"ination disclosed tach 
ee i unn Hg Jagu 


E seq left. اس یم‎ mpulse e 
A soft. and followec 


< inert منم‎ of. Cardiology, Mar. mto ti ie carotid ar «d ۱ | 
General Hospital and the Depart- . was enlarged, an he had pedal edema. aa 
edicine, Indiana University School of — Chest roentgenograms revealed. pulmonary vascula 
ndianapolis, ind. This study was Sup- -and | left ventricular enlargement, An. electroc ii " 
Ft by (n ze y Herman. C. Krannert Fund, ^ rhythm, frequent premature ventricular cor traction 
> Health Service Grants HL-06308, , anda qS pattern in leads Mi tible wit 
he Indiana 2 septal myocardial infarc ion or 





1. Simulta 


(| apex ca 


neous electrccardiographic lead II (ECG), phono- 


| it could not hav 


` Mid-diastoli 


m from the pulmonic area (PA), phonocardiogram from the MC 


and apex cardiogram 4ACG). The phonocardiogram at the 


demonstrates a loud, high-pitched mid-diastolic sound (MDS) — 
ws the peak of the rapid filling wave (RFW) and the apex ° mov 
im by 60 msec and precedes the atrial filling wave (a). In^ ^ aap 
a third heart sound (Sa) is. recorded by the phonocardio- . 


the peak of the rapid filing wave. The first heart sound (S4) - After 


Ma loud ejection click (X) and a systolic ejection murmur . separated only mi 


;.100 mm/sec. Ben 
6 decibels/octave. —. 


rracings (Fig. 2), it appeared that the di- M 
ponded. with mid-diastolic closure of — 


ac eat 


eriza on was performed, left atrial and. left ven- " 
pressures were obtained by the transseptal teeh- _ 


ertinent data included the following pressures 
in millimeters of mercury): pulmonary arterial | 


asured in millin ۱ 
ean 50; left atrial a wave 40, v wave 50, mean 37; 


lar systolic 140, initial diastolic 20, end-diastol- — 
aortic 100/74, mean 89. Cardiac output was . 
, cardiac index 1.9 liters/min per m° and pul . 


۲ 


eterizatior: On the 8th hospital day cardi | 


0 pass filters were 120 to 500 Hz; E Z 


e su- 
non | 


res ۱ 


“the aorzic valve, and review of cinean- - 


icated grade 3/4 


es 


1 te ` operation, ven- 


Id not be resusci- 


^ SUF e tracing is 


. faint in the phong g 
finding is consistent with the. 


rotic narrow. tral valye component of 


In addition, th 


ocardiograp 
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ent of the first heart sound was. 
ound was soft. . 
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451 dap after | its implantation. The frac 


occluder into the left ventricular Beside 


21r ster replacement h has become a a routin 


۳3 "d و وه‎ n serious ate : 


edicine, e, Crozer- د‎ zd de. furosemide, 40 mg "aai s E spe term couma 


^8 cribed. 


Es such an 1 occurrence. x 


"uma on Neal ite | سم‎ 1 with a vmi of س‎ 
_. tive heart failure, - requiring several hospitalizations, : 


۱ acne been: treated with ifs Se and 0 r bad administered di 


= with e E a O aid moderate سس‎ ation, 


catheterization data. 





ly and showed no gross neurologic deficits. There was cya- 
nosis of the lips and nail beds. At first she was not dyspne- 
ic. The blood pressure obtained by palpation was 80/7 mm 
Hg, and the pulse was irregular at 90/min. The opening and: 


elo ing clicks of the mitral valve pros thesis s were a ible 


sy toli 





E Two diagnostic pûssibilities à were deed: ( D pulmo- | 


“nary: emi olus, and (2) malfunction of the prosthesis due to 
clot deposition. No. definitive diagnostic studies could be 
| ed because of the severe pulmonary edema and the 
-like state that ensued. No urine was obtained on 
rization. The patient's condition deteriorated stead- 
withstanding the intravenous administration of di- 

large doses of furosemide and dexamethasone and 

Sor support by infusion of a solution of metarami- 
arterenol. At 10:30 PM the patient became ap- 
bradycardia (rate 30 beats/min). The rhythm de- 

orated to ventricular fibrillation which responded to ex- 
est. PESO, with. return of Lied a orae 


wall syst with endothelium V 
Uem from the apex toward 1 Ns 


ed een, nd. of X- -ray films (Fig. D Euren fracture. ha a 


ne strut discovered at autopsy. 


this model, ‘the Dsctoit veloi ir 

and sewing ring remain. unchanged 
ed titanium struts have been repla 
carbon-coated nonferrous metal (rh 
num) struts and the Teflon disc ha: 

a Pyrolite carbon-coated graphite di 
carbon is a special pyrolitic carbon-si 


. posited from a gaseous environment a 


ture.? Used as a coating, it is durable 
tant to thrombus formation and 
blood.* Extended wear testing of th 
calves indicated that, for the 0.015. 
ployed in this. valve, it should tak 
for the coating to be penetrated 


| 0. 030 inch diameter wire exposed. 


. There have been three other 
strut. fracture, occurring 32 
spectively after A" e 0 


“The entire specimen was fixed in formalik and! sent to pot n 


A. C. Beall, Jr., who confirmed the autopsy findings. 
report stated: 

‘The. prosthesis was examined under the dissecting mi- 

ype and no other obvious breaks in the Pyrolite were 

d. After disassembly, the parts were mailed. to Gulf 

tronic Systems of San. Diego, California for scanning 

ron microscopic E "P ) sis. Review, of [ine ee date 
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ris in an n adolescent girl. 


findings included antinuclear antibodies, low s serum copper rand ed QT 
plasmin levels, anetoderma and pulmonary granulomas. T hese findings — 


` suggest the possibility of an ideo autoimmune or metal t lic. disor. 


der. 


Coronary artery disease is a rare but recognized disorder i in infa s 


and children; it includes atheromatosis,!~* coronary arterial malfe 


mations®® and infantile arterial calcification. 127-13 This report de- 
scribes the clinical and pathologic features of a newly recognized form 
of. generalized. arterial disease that. presented a as severe angina pecto 


` Caset Presentation 


A 13 n. year old و‎ gir ad from age 10 years s exertional che 
that radiated. to both arms and disappeared wit! | 
. Master exercise test obtained by her physician were positive. t 


was referred to. The Children's Hospital Medical Center. Perinata 


gu mental and family history. ere ] normal. She had experienced no unusua 'e 
s vironmental exposure and did not use drugs. - 


The patient was- well developed, cheerful and i in no distress: "Hér weight 


oe 40 kg (10th percentile) and height 151 em (25th percentile). The blood _ 

p .^ pressure. was 110/70. mm Hg, pulse 80/min and. respit ations were 20/min. . 
-o There. was a slight. left ventricular impulse at the apex. The first and second 
^ heart. sounds were normal. A soft, intermittent fourth heart sound and a 


rade 2/6 systolic ejection murmur were hear l t the apex. The liver was pal 


` — pable 2cm below the right costal margin. ^^ | | 
La oratory investigations revealed. i alv ies for hematocrit’ ‘hemo 
. globin, urinary content, blood urea nitrogen, serum electrolytes, serum gh 
v tamie oxaloacetic. transaminase, lactic dehydrogenase, creatine phosphol 
.. A pase, cholesterol, protein electrophoresis and tri-iodothyronine and thyro 
Ine. Chest X- -ray films and echocardiograms were normal. Serum lipoprote 


lectrophoresis disclosed a normal distribution with slight increase in 
density lipoproteins. The resting electrocardiogram was normal (Fi; 
۱ با‎ cath 3 ES and e The تیا‎ a 
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the d de to the left circumflex artery 


۸ coro 


pallor. ی‎ a recurrent fibrillation, con which 
she could not be resuscitated. 

"The angiograms (Fig. 3) demonstrated irregular segmen- nary Ber Was ER ecdada 9 8 cm f 
“tal. “beading” in the mid ‘portion of the right coronary ar- Several gritty ond areas were founi | in 
tery. The left circumflex artery did not fill in a normal 


. fashion but by way of right to left collateral vessels from 


has recoiled into the aorta. ‘The ri right coronary onan esac 
ir beading i in its mid portion. (arrows). The left ventricle (partial opacification) is seen. B, the right coronary artery (RCA) € 


the left circumflex artery (LCx).in a retrograde fashion. The left anterior descending artery (LAD) is opacified and appears. narrowed ust c 
the take-off of the first septal branch. — 


FIGURE 4. (right). Cic 













































small round and white lesions within the paren- 
Skin lesions of anetoderma (focal macular atrophy) 


croscopic findings: Sections from different portions 
he left ventricle and interventricular septum showed re- 
nd organizing areas of infarction with many zones of 
ng, particularly in the papillary muscles and subendo- 
rdial 'egions. | | 

Sections of the major corcnary arteries (Fig. 5) revealed 
marked abnormality of the media with lesser changes of 
tima. The media showed degeneration, extensive cal- 
: ion (Fig. 5A) and areas of increased ground sub- 
stance (Fig. 5C). The interna! elastic lamina was focally ab- 
ent, duplicated, calcified and fragmented (Fig. 5C). Atypi- 
| ground substanee protruded into the intima 
5B), which displayed areas of mild proliferation. One 
all | coronary artery showed marked intimal thickening 
t reduced its lumen by 88 percent (Fig. 5D). In contrast 
store er Aera) coronary arteries examined showed luminal 

















om similar to those f fouad i in rhe coronary arteries but 
The thoracic and abdominal aorta and 
showed normal intima (Fig. 6A). But 
disease of ane “lamellar ut of the 


the members of her family, all of whom were in good health - 
at the time the serum samples were taken (Table I. o=- >. 





IGURE 5. Photomicrographs of the coronary arteries. A, right coronary artery shows extensive medial calcification with focal protrusion 
ih the internal elastica lamira and intimal thickening. B, left coronary artery shows medial calcification and fusion of the media and intima. 
, left circumtlex artery demonstrates an abnormal media with clefts, calcification, increased ground substance and cellular disorientation. The 
interna elastica lamina is duplicated, fragmented and calcified. D, small coronary artery shows. marked intimal thickening and prominent calcifi- - 
tion of the internal elastic lamina. (A, toluidine blue X 150, B. and D, hematoxylin-eosin X90, C, elastic tissue stain X200, all reduced | by 40. 













fibers with focal increase of ground substance, : 
clefts of calcium (Fig. 6, A and B). The arterioles showed 
no evidence of vasculitis or other abnormalities. Histologi 
examination of the lung revealed several isolated para 
cular and parabronchial granulomas with central necrosis 
(Fig. 6, Cand D). A few foreign body giant cells, and aa 
cellular needle-shaped birefringent crystals were also ob- 
served. The parathyroid glands were normal. The skin le- 
sions were compatible with anetoderma. 
Abnormal postmortem laboratory findings included low 
serum copper and ceruloplasmin levels. Antinuclear anti- 
bodies to nucleoprotein were found (Table I). Analysis of _ 
metals in formalin-fixed aortic wall, liver and pancreas x 
revealed low copper content compared with that in- 
matched. control subjects. Many of the laboratory tests in. 
which the patient had abnormal results were performed in 
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R i ee 3 Doan. Mn | d 
Laboratories, Costa Mesa, Calit. J, serum هه‎ 








ENS | s NS 5 js 


Angina pectoris is an. infrequent complaint i in chil- 
de has been کک‎ to occur in pr ori- 





| l , pulmonary. artery and pulmonary granuloma. A, abdominal aorta shows an abnorma Y 
tion and caleification of the: “lamellar units.” B, the pulmonary artery shows extensive: damage to the media with focal 
ration of the medial “lamellar unit." There is no arteritis. C, the pulmonary granuloma shows ی‎ necrosis and: 
hro : infiltration. D, wall of pulmonary granuloma shows a small artery free of primary vasculitis. (A, € 
hema oxylin-eosin X90, D, hematoxylin-eos sin X200, all reduced by 40 percent. = 1 
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Se um Metals 
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Calcium Magnesium ۰ RE s | me 4 pe a | — Ceruloplasmin - 
(mg/100 ml) mc (mg/100. mb. 


Normal range 8.5-10.5 22.5 pv ux S pes 20-57 

aX | | | ۱ ۱ (mean 35) . Ar 

Patient 8.3 2.4 102 81 l-*. 18 Positive in 1/10 

Od Eu dilution 
Positive in 1/10 
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۱ qut a ent, the primary di n in- 
E intimal اه‎ were ote 
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nvolvement; and (3; the absence of marked inti- 
hacia diff Moreover the arterial lesions de- 





eot ns two. ی‎ respects: 1 the large 
; yu ds the smaller muscular arteries Ee p 


1 1 1 sia,” 









ded as atypical expressions of vasculitis, 
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۱ child who died of coronary causes; J no copper studies 


s arterial. disease from. infantile arterial calcifi- 


on are (1) the patient’s age; (2) the extensive me- _ disease because (1) no evidence for hepatolenticular 


ance of "T— antibodies to nu- i 
in sera of. . both. «e E and her i 


KI sion ns in ou ` patient may y represent. a manifestation. 


; hob eri 


on: ry P seen in 1 thie patient might f - tibodies and the low serum copper and cerulo- 








im clear antibodies), iti is s impossible ie ۱ be 
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thoi a elation to copper m m is^ 
In our patient the postmortem serum copper ‘and 
ruloplasmin levels were low (Table I). These finding 
are not regarded as indicative of juvenile Wilson’s 


degeneration was found, and (2) the tissue copper 


| levels were low. Furthermore, our patient did not E 
^ have the features of Menkes’ syndrome.46-45 AlL F 
۱ Bes a defect bog copper metabolism may hav : 


Ja ient’: s arterial seu copi 








erlying autoimmune or. metabolic disorder, as 7 a 
pectively by the positive antinuclear an- < 


plasmin levels. These findings indicate. that investi- 
gation " for autoimmune or. metabolic diseases, 0 
both, is indicated. when enema pectoris « occurs in 4 
young prom i P 
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jo s derit T he "Latin arr AD- | is more appropri- | 
ew of the other Latin prefixes D- and L-, than is 
` Hence, it is suggested that the terminology 


! ansposition L- transposition and AP- trans- 


jors’ classification of dextrocardia is based 
visceroatria. situs, an approach that can be 
type of viszeroatrial situs is known. How- 
type of visceroatrial situs is uncertain or un- 
;pieally is with visceral heterotaxy (often 
p splenia), then a situs-based classifica- 
ed. Whe3 the type of situs is. unknown, 
ind great arteries cannot be described as in- 





is lependent. Each 





would nct + rhe meaning, T 





don ues situs: ii ,‏ ی 
rus s selitus), or corrected Di o‏ | 
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n ror-image" or inverted terminology when the atria are in- 


 noninverted because the. frame of reference (the | 


situs) itself is unknewn. € 'onsequently, it is suggest- |. E 
: tal to-undi rstanding the relation of the segments of the Cu 


“heart: and th e type of dextrocardia present and to: the cor 





xtrocardia should be classified in a manner that. 
enc h part of the heart should bede- — 
eally is In this way, many difficulties. inter i 
e avoided, s such as inverted ۰ transposition - 
sposition) and inverted L-transposition (real-- 
in). Indeec. the reason for introducing! the — 
gy wes to provide accurate anatomic. ` o ۱ 
D E 
a and. PA ON A “Visceral teens 1 
7" rare (less: than. 10 percent of our series) and is always asso- 
"Een ciated with. extremely complex ene usually. not surgi- 1 

` cally correctable. | : 


a sential to-surgical correction. An angiographic classif 
E: based. on otia and 


acrem wb a 
ple, ne ۰ may be^ ۱ 
۲ - image. or inverted terminology should be followed for. 


` monary artery at valve level}, inverted: dextrotranspositioi 
. (aorta anterior and to the left) and inverted levotransposi 
.. tion with the aorta anterior and to the right. In this manner. 
`... in cases with atrial inversus, complete transposition (“de 
e trotransposition") hemodynamics are associated. W 
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M ی‎ hemodynamics. à are e associated with inverted Lieva 
ye “tion, . E E 
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1. We would. have no edisi to calling 2 zero- o-transpos 
tion AP-transposition. ~ = 

2. As Dr. Van Praagh notes, our clessificatio on is Bb on oos 
a visceral atrial situs and we believe that this sys! em classi 
fies the anatomy as well as the hemodynamics in these. 
cases. It has been of concern to us that cases. with dextro- 
cardia and inversus of the atria with the aorta anterior and 
to the. right of the pulmonary artery are called corrected 
dextrotransposition when they have "corrected" transposi- 
tion, hemodynamics. It seems reasonable to us to use “mir- | 















verted and to use situs solitus terminology when the atria ۱ Fi 


E are not inverted. 


-Knowledge of the situs « of viscera and atria is fundamen- e 













relation of anatomy and hemodynamic findings that are e 
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will be of help to the surgeon in plannin 
correct these complex ¢ Cases. ae 


cial oxygen consumption 
| TR therapy of mem 


۱ Dish مه‎ ot. cardiac tht: and conduction 


induced by exercise. Diagnostic, prognostic and 


therapeutic implications. DeMaria AN, et al. 
. Am J Cardiol 33:732-6, 20 May 74 (27 ref.) 
` Diphenyihydantoin as an antiarrhythmic drug. 
^ Atkinson AJ Jr, et al 

Annu Rev Med 25:99-113, 1974 (79 ref.) 


T : Concealed conduction, Knoebel SB, et al. 


. Cardiovasc Clin 5:21-34, 1973 . 
“Treatment of. arrhythmias Ld d 
۱ ین نیت‎ d Hatt. sie: I | 


a Biologie and somthin ae 


et al. Surg Gynecol Obstet a er Jun 74 (an ret) 


. BLOOD VESSELS | 


ns Biologie and semibiologie re ratta. Hansén OK, E 


Prog Cardiovasc Dis 16:523- 0 3 | 


HEART 


Cardiogenie shoek: therapeutic implications 
myocardial energy b K 
Angiology | 25:317:33 May 74 

ing and: Ü m |‏ دس 


cardiac وی‎ im the dog. Donald ۰ DE. 
Circ Res bo 24 er. 4 تس‎ Tet). 


Exit block. Pick pr ot 
, Cardiovasc. Cin. ES 


et al. Surg Gynecol Obstet 138: 940-4, Jun 74 (31 ret). x x TON 


, CORONARY DISEASE 


Disturbances. of cardiac rhythm and conduction 
.induced. by- exercise. Diagnostic, prognostic and 
نو و و‎ Amplications. DeMaria AN, et al. 
| Am ; Cardiol T8, - May. 74 id ref.) 





<- syndromes. Lung tumor 


IS Antiarrhythmic actions of lidocaine. 


5:31 7-33 May yu 125 eb. 
mati after excision of the extrinsic 


Exchange e 1 ; 
yocardium. Mechanisms and. “phystological - 
gnificance.. Reuter ۰ 
d a 3459-05: May. "u ur di 


les es T TE entri. ot “differentiation of ener | 


ythroleukemic: celis. "Friend C, et al. 
iot BOLI ret.) 


CA A spect um E "Cimora A hat produce تا‎ 
: od they produce mar a 


. syndromes. Nathanson L, et al. 
E Ana NY Acad Set 130: E 77, 1974 co et) 


p Var diologista. if uot le ot 


ıe basic function of th dial tell BE be: 
e تب‎ ‘disco oe a i the io CE Ajeet t. the biochemistry. and biophysics of myocä 


i ^ function discussed, Indeed, the direct and lucid e 
Sad of many sa basic mechanisms. seems Espi 


Annu Rev Med 25:143-8, 1974 (34 T 


* Accelerated A-V junctional. rhythms. Cohen: Mot 
E  Cardlovast : cu E i. M ME ref.) 


Vases MP. 
Clin Obstet: ‘Gynecol 17: 65-78, Mar 74 e rer.) 


VASCULAR DISEASES. 


m of tumors that. produce. ۳ ^. me 
7 "nathan tumors: how they. Produce: their. ex 
Nath et. o | 


our n t understanding o of the tha bon ud : 
e ont e lo at دی‎ of ی‎ 7 


E pa call Whi ile ren 


re disc per 1 دود نار‎ exception 1 © 


some of the interpretations and. conclusións, Dr. Legato’ 8 


| an in-depth review of the man 


ane audience; du the e lane 


ge of ie fe nt or cell to the bn eue 


al pro lems at the bedside. Yet the lessons of — 
us that, given at favorable climate for: continued | . ob ۱ 1 "he - di ۱ 
۱ d in soon be in a position do understand —- given. us an o m y some 


s of basic kn oW : 
re ۵ T plore many of. the | new à 


| in cardiology. . Eu 


ves 


"provide the clinical cardiolog twit 


ihe 0 saree s ieee mm 
ke th. Yer intended : 





3 * ee and various s other professi nal s= 

f  cieties. : dca cr 
l Subject matter reflects national interest nost 
as and needs in the fields of patient care, ie P proble 


` Preceplorships ir in Cardiology. age 
: Arthur Selzer, FACC, director. po TEM 
acific Medical Genter, ee e 


Francisco, C Calit. 


‘and Therapy of Cardiac. Ar. B 

. rhythmias. Leonard S. Dreifus, 

e ne FACC, Edward K. Chung, us 
= FACC. and Yoshio’ Watanabe, "oa 
um FACC, directors. Marriott Motor. ie 
ilc Hotel, Philadelphia, Pa. 


M Vectorcardiography —An Ad- 


Y . vanced ` ‘Workshop. Alberto 


p -Benchimol, FACC, director. 
^ ; Scone H Hilton, Scottsdale, 


|... rawiez, FACC, i dnd ES x ug > 
. na University Medical Center, Eur d 
(indiana pole, ind. s 


ps New. Techniques and Con- = d 
cepts. in bop L Phar- ap” 


r = “Epstein, FACC,” — : 
-' Shoreham | Americana Hotel, 
ips eau gu 


Skano, FACC یگ‎ 3 
Mazzara, FACC co-direc 


St. Vincent's | ‘Hospital cand | 


Medical Center, New. Yoiki - 5 e 


`` Core Curriculum: Dhonocardi- Du 
. ography and Pulse Record- nes 
 ing—Workshop. Morton E. . 
Tavel, FACC, ‘director. ‘Meth É 


odist Hospital Graduate Medi- - 


cal Center, Indianapolis; Ind. m. He 


| Cardiology for the هی‎ 7 

۸ Clinician's Retreat. E. Grey aces 
Dimond, FACC, director. Ran 000 
‘cho Santa Fe Inn, Rancho. PS 

: | Santa Fe, Calif. | oe 





| پیج‎ "€ 
ome construction 


a ; one added to pios than 


5, the workers are taking t time 


American tracition. . 
uring of concrete and the 
of this: ‘already large center, 
idea that all is well with the 
lelivery. system. This. is far 


ir ting of the American 


ie qol ago. spin that a 
newsworthy and the press. 


picture end ORE anachronism. 


and to: sin laws 9 


tt ۳ ۱ 
and vt = a ea "E |. ` sociated with the production of a high | 


rate of myocardial infarction, possibly . 
as high as 12 percent. We do not know ۱ 

. whether it will reduce the occurrence of. 

. myocardial. infarction at a later date or 

< whether it will prolong life or reduce the - 

d. x incidence of sudden death. This experi- 

ence has been bought at enormous 
right. . cost. It has resulted in a tendency toim- 

of . ` mediately subject | the patient with chest ۰ 


a accomplishmen 


cian.  Tuberculos 
overwhelming | 


while they work rh ainful, degenera- 


Ut tive. and crip pling joints can be replaced 
an prosthesis. The ۰ 
` infected heart valve can be successfully 
replaced. Rheumatic fever is so rare 
that few medical students see the acute 
process. Many patients without kidney 
function can survive and be productive. E 
Aneurysms of the aorta can be re- 
moved before or as they are rupturing; 
obstruction of great vessels can be by- 


passed and. patients can be relieved of 


pain and lead normal lives for. many 


years. These and other - accomplish- 


ments constitute an impressive ı record. - M 


. Success has not been so. pparen e : 
all areas. Despite the rumors that de = 


۱ olio is no longer E 
`` ‘evên recognized by the young physi- Te 'any 
be treated in. the ^. 

Of patients 


۱ escalation ol the Sieh oí 


in 1950, the cost of 


| was 4. 6 MEE of thi 


= P this mation | are not ect ag and: + 
e percentage of the total gross. national 


me najor : E product. devoted. to health probably can-. 
= . . not rise much further because of ott 
Es an social priorities 


` ing risk factors. ‘Despite ard expone! 
e, increase in the number: 
: E teries that have been bypassed, we. still. 
. have few answers. We know that by- : 
۱ have $ shown that most 7 pass surgery will effectively relieve the 
lad ih | pain of. angina in 70 percent or more of 
. patients. It appears to improve t the qual- ۱ 
E ity of life for many patients. with coro- 
" nary artery: disease. But we also- have i 
.good reason to believe that the bypass 
graft, whether or not it remains patent, - 
will accelerate progress of the athero- | 
| sclerotic process | in the native circula- 
` tion. We know that the procedure is as- 


-of coronary a E 


tes will have af 


a a n essentially "elo 
` ing”; that is, there will LE 


budgets. for ‘health, provid Á 


from tax funds and from federz an- 
dated and regulated’ insuran (p 


grams, and the: providers of health. se - 


vices will need to operate within. these 
| annual budgets. | 


. Despite the مهن‎ expenditure or 


medical care, large segments of our 
is population - are under-doctored. The 


American — Medical: Association. adr mi 
that 140 counties in the United 8 
with a total of 500, 000 reside 


cans live in counties. with. 1 
e 


. D e to coronary. -érteriogranh. Clear ps adi 1 < ۵ 





y can + save a prince who ۱ 


has aon reduced, a‏ و 


sitivit Museos has hene i — Der Nur 


. care delivery: team wi | can work. in uni- RE à 
| 2 ^^ son with the doctors who are primarily —— 
trained to deliver. secondary and tertiary - 
care? Are the. ‘deficiencies’ that. have. 
been and are so acute in the un-doc- — 
_tored regions of this nation not the cata- 
lyst for the: development of Phy icians 


i Z sor or a | dear who ۳ thet if pd iue ۱ 
E economic. inen are mede ۱ igh 


| p of care. and; án so "dnd. to T s 


our RED with. various. ie TEES Oe 3 


ee موس‎ “does not | lead 1 do hap 


E workers. 


The medical iê and. j medica | 


| E ۱ educators in. general. need den think-.. be concerned 


this. country for b 
cost that i is s réalisti 


ar same cannot be. said. for medicine. fue a Pese 
"Where are the leaders of American "ILE . American. Col 





icians, sur- — cial Bethesda € s de ‘to ` dividual 
entist working: to-. encourage the. exchange. of ideas. on. ` training 
ductu sae _ policies concerning the practice of car Ie : 
: . diology and matters affecting service, — 9 
. investigation and training relative to car- xh 
diovascular disease. : diológy: by participatio in 
Membership in the College Mns training program, as well: 
f several direct advantages relating to the viduals whose practice. is 
x above. objective: subscription to` ‘The card | ۱ 
i an Journal of Cardiology, waiver * sq 
ie of the registration fee for attendance at 
-the annual scientific session, reduced: ۳ 
ish ^ fees for attendance at regional continu- — t 
ay bes education. e reduced: 


om AT or Affilate level Election 10 T 2 


M ANNOAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY | 


Houston, Texas e ۱ ۱ February 10-13, 3, 197 i 


5 ap] ۰ Abstracts us | 1 
Entries must be postmarked no later than September 23, 1974 


۱ 5 ۰ Technical Exhibits 
. Deadline for requests | for space: October 15, 1974 


= Scientific Exhibits a 
Deadline for requests tor space: October 15, 1974 


* Cardiovascular Fis and Vi Video Tapes | 


tig tors Awards Competition 
tbe ۱ ter than November 1 1, 1974 










Sentry 75 


ventricular inhibited 
pulse generator 











GENERAL GB ELECTRIC 


Sentry 75... 


one generator 
that meets long-term 


pacing demands 





The Sentry 75 ventricular 
inhibited pulse generator 
maximizes the potentials of a 
proven power source to deliver 
extended pacing life to most 
patients, regardless of 
threshold value. 


It is General Electric’s positive 
response to the medical 
profession’s demand for a 
simple, extended-life pacing 
system to serve the large 
majority of patients. 


The Sentry 75 presents no 
alterations in implant 
technique or patient 
management. It is compatible 
with all GE electrodes, and the 
long reliable service life can 
be monitored easily by both 
patient and physican. 

The Sentry 75 is powered by 
the industry’s first mercury/ 
zinc cells specifical y designed 
for implantable pulse 
generator applications. A 
complete redesign of both 
this power cell and circuitry 
now make possible a pulse 
generator which can be 
expected to delivera4to6 
year life, with an assurance 
factor greater than generators 
using normal mercury/zinc 
batteries. 


Your GE representative can 

provide you with information 

regarding patient testing, 

warranties, and aveilability 
„in your area. 





Optimized power 
source capability. 





Redesigned power cells. The 
mercury/zinc battery is along 
proven power source familiar 
to the medical profession. Its 
chief liability has not been in 
the chemical composition, but 
in its construction. GE design 
aims were to maximize power 
utilization and reduce internal 
losses to produce a power cell 
capable of far longer and more 
reliable service life. 


Note the new GE power cell is 
rectangular. It displaces the 
same volume as 2 circular 
batteries, yet contains 50% 
greater capacity (3000 mA 
hours vs. 2000) than 2 circular 
batteries operating in parallel. 
Two of these high-capacity 
cells, connected in series, 


power the pulse generator. 


Internal discharge, a problem 
with previous batteries 
resulting from shorting 
electrodes, has been virtually 
eliminated by 6 wraps of anew 
non-degradeable separator. 
These multi-wraps replace the 
single-wrap separator 
presently used in mercury/ 
zinc batteries. 


The power cell case is solid 
nickel to prevent case-to- 
electrolyte reaction, another 
potential source of self- 
discharge. 


Welded internal contacts to 
electrodes preclude the 
possibility of “open” contacts, 
a design shortcoming with 
ordinary pressure contacts. 


The negative terminal is 
isolated from the cap through 
a hermetic ceramic-to-metal 
seal, and the cap is welded to 
the top of the cell to prevent 
electrolyte seepage across the 
2 terminals. And as one last 
safety precaution, the positive 
pressure vent is located at the 
end of the cell, remote from 
the terminals. 


iÀ 


Simplified circuitry 
for reliability. 


New circuit efficiencies. 
Through the development and 
adaptation of thick-film 

hybrid circuitry, born of 
aerospace technology, almost 
one-half the normal electrical 
interconnections are 
eliminated. The new circuits 
improve electrical efficiency 
by 45% (135 micro-watts of 
power drain vs. 244 micro- 
watts formerly). 





The new micro-circuitry in 
both the sensing and pacing 
circuits—plus the rectangular 
power cells—allow a 25% 
reduction in the volume of the 
generator. Thus, while 
generator size is reduced, 
power Capacity is increased 
50%. 


Hermetic sealing of these 
critical hybrid circuits, plus a 
second overall hermetic 
sealing of the complete 
Circuitry, virtually locks-out 
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deteriorative moisture. The 
metal hermetic containers also 
provide additional protection 
from electromagnetic 
interference (EMI). 


In addition, patient defibrilla- 
tion can be conducted without 
damaging the generator. 


Adapts to 
electrodes. 


Implant procedures are not 
altered because the Sentry 75 
is compatible with all existing 
GE electrodes which feature 
simple self-sealing, push-pull 
connectors. It is also adaptable 
to the electrodes of other 
manufacturers. 


The pulse generator is 
provided as a bipolar system 
which, at implant, can be 
converted to unipolar pacing 
if desired. This is accomplished 
by simply removing the 
insulating label covering the 
metallic plate electrode on the 
generator's surface, and 
attaching it to a unipolar 
electrode, or to a bipolar 
electrode adapted for unipolar 
pacing. 








Standardized 
output. 


Choice of rates. Two models 
of the Sentry 75 pulse 
generator are presently 
available with two additional 
models scheduled for sub- 
sequent availability. Models 
differ only in pacing and 
hysteresis rates. 


Hysteresis 
Pace (Escape 
Model Rate Rate) 
A2075A/AD | 73 63 


A2075B/BD | 80 70 
A2075C/CD*| 85 80 
A2075D/DD*| 73 71 


*Available second quarter of 1974. 


GENERAL G ELECTRIC 


Patient 
management. 


The Sentry 75 pulse generator 
has a built-in service-life 
indicator that is simple and 
easy to use. The pulse 
generator's pacing rate is 
highly dependent upon battery 
voltage; thus as battery voltage 
begins to fall near end-of-life, 
pacing rate will decrease. This 
change in rate can 2e easily 
and accurately monitored 
when a GE patient sensor and 
rate-interval computer are 
used. The latter is a desk-top 
unit which, used in zonjunction 
with the patient ser sor, 
enables the physician to check 
the patient's pacemaker over 
the phone between regular 
office visits. The patient can 
also be instructed to check 

his own rate with the sensor. 





> 
4 
Clinical 
evaluation. 
Laboratory tests of the Sentry + 
75 components were con- 


ducted for 2 years before any 
implants in humans were 
undertaken. Clinical evalua- 
tions began on a worldwide 
basis in November, 1972. 
Physicians representing more 
than 15 major hospitals and 
medical centers are 
participating in the program. 





General Electric 
Medical Systems, Milwaukee, 
Toronto, Liege, Madrid 
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( We'll lend your 
| patient an ear... 
| and you a hand. 














Cardio-Dynamics 
Comprehensive Analysis 

of Holter Recordings for 

e Clinical Practice ° Research 
۰ Drug Evaluation 

* Multiphasic Screening 









Your Holter recordings are processed by 
skilled Cardio-Dynamics analysts using 
the new and unique Dyna-Gram® III Ana- 
lyzer System. Without having to purchase 
costly scanning equipment, you receive 
fast direct-mail service throughout the 
USA-including a telephone report of 
potentially ominous phenomena. 

Cardio- Dynamics exclusive Dyna- 
Gram? Report gives counts of all ectopics 
by morphology, along with ECG strip doc- 
umentation of each morphology. The 
Dyna-Gram® Report allows you to sepa- 
rately evaluate early cycle and late cycle 
ventricular ectopics, as well as any differ- 
ential response to therapy. 

Complete Holter ECG analysis is avail- 
able for recorded cassettes from Cardio- 
Dynamics new 24-hour Model 5000 
Dyna-Gram® Recorder, or for Avionics 
reel recordings. 


Caralo:pynamics 


Setting Standards in Holter Electrocardiography 
Cardio-Dynamics Laboratories, Inc. 


9454 Wilshire Blvd., Beverly Hills, Calif. 90212 
Telephone (213) 278-5523 























Cardio-Dynamics Laboratories Inc 
9454 Wilshire Boulevard | 
TF 4 Beverly Hills, California 90212 

muha] (2/3) 278-5523 ۰ Cable: CARDIO 

[ ] Please send complete information 


[]lalready own a Holter 
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Manufacturers of Ethical Pharmaceuticals Since 1885 


CENTRAL INDUSTRIAL PARK WASHINGTON, D.C. 20027 
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2nd Edition 


Arbeit, Rubin & Gross 
DIFFERENTIAL DIAGNOSIS 
of the ELECTROCARDIOGRAM 


This book is designed as a reference manual 
to enable the clinician who is not an expert 
to establish a diagnosis from an unknown 
electrocardiogram. Expansion of knowledge 
in this field has necessitated our printing 
this 2nd edition in 2 volumes. 


Vol. ۱. 205 pp/499 figs. 
Vol. Il. in preparation. 


About $15.00 





F. A. DAVIS COMPANY / 
PUBLISHERS 

1915 Arch Street 
Philadelphia, Pa. 19103 
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CARDIOLOGY: 






New Books Introduced /Popular Books Revised 
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David Mendel 


a practice of CARDIAC 


CATHETERISATION 


The continuing demand for this book has prompted this new edition with 
considerable revisions that take into account the changes and develop- 
ments which have occurred during the last 5 years. 


Today, increased scope and sophistication of catheterization procedures 
require manual dexterity and thorough knowledge of principles. With the 
proper preparation, modern instrumentation and training will almost always 
produce a Correct, detailed diagnosis. Dr. Mendel’s superb presentation 
offers these practical details backed by theory, and contains invaluable 
check lists of procedures and instruments. Contents include: Indications 
for catheterization; contra-indications, general anesthesia, electrical safety 
during catheterization, common factors in all catheterization, right heart 
catheterization, arterial puncture; arteriotomy, atrial septal puncture, left 
ventricular puncture, coronary arteriography, catheterization of infants, 
miniature catheter techniques, complications and resuscitation, measure- 


ment of pressure, indicator dilution curves, blood sampling and its uses, 


angiocardiography. 
414 pages, illustrated. $19.50 
James H. Moller 


ESSENTIALS OF 
PEDIATRIC CARDIOLOGY 


Ira W. Weiss 
ESSENTIALS OF 
HEART RHYTHM ANALYSIS 


6131. 


6290. 


This new text provides guidelines to correct 
diagnosis of the pediatric cardiac patient. 
The simple and orderly presentation of ma- 
terial will also help the practitioner or the 
student to properly assess the severity and 
hemodynamics of the anomaly. 


108 pp/39 illustrations. $5.00 (Paper) 


F. A. Davis Company —1915 Arch Street —Philadelphia, Pennsylvania 19103 


Send me the books checked. If | do not return them in 10 days, 
۱ will pay for them within 30 days. 


0240. 


[ ] Mendel. A Practice of Cardiac 
Catheterisation—$19.50 

[C] Moller. Essentials of Pediatric 
Cardiology—$5.00 


NAME 


ADDRESS 





9215. 


Considering the remarkable advances in the 
treatment of heart rhythm disturbances, this 
manual fills a gap by presenting the electro- 
physiology of cardiac rhythm and impulse 
conduction and an orderly approach to the 
analysis of cardiac rhythm. 


280 pp/504 illustrations. $7.25 (Paper) 
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E TRA: Devis Company clots و‎ tier: PULTE ae AD" eee ee 
| 


[C] Arbeit. Differential Diagnosis of 
the Electrocardiogram—S$15.00 

[C] Weiss. Essentials of Heart Rhythm 
Analysis—$7.25 
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Since most people use just one cine film, 
why is Ilford making three? s 


= 


—_ ——— 
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Simple. To give you the 
chance to choose the one 
that gives you films that look 
| exactly right to your eyes. 
| We've found that 1 
a lot of you aren't really - | 
^ | happy with the film you re 
/ using. Maybe you just dont . 
44 know there's something better. 
2" Some of you seem to think the 
COO" grainy pictures you're getting are the 
fault of your screen. Chances are, it's the fault of the film. r 
You're dealing with the world’s most important subject: the heart. 
If you can improve those films, isn't it worth a little time and thought 
on your part? 
The three new Ilford films for cineradiography are: Ilford 
Cinegram F —A film with exceptionally fine grain emulsion that produces 
the ultimate in image detail, gradation and resolution. Its image recording 
capability exceeds that of any currently available image intensifying 
system. Ilford Cinegram C—A film designed to give higher contrast and 
a brilliant image while maintaining exceptionally fine grain. And Ilford 
Cinegram S —A film with an emulsion formulated to produce excellent 
detail. contrast and resolution on systems that require a high speed film., 
All Ilford Cinearam films are made to be used and processed 
ón the equipment you're now using. For more details, talk to your Ilford: . 
"4 Man or wr te: Cine Services Department, Ilford Inc., 70 West Century 


ES 


Road, Paramus, New Jersey 07652. A Ciba-Geigy Co. 
Ask your Ilford Man about his new heart films. _ 
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Accurate interpretation of analytical data pre- Why take the chance. Specify the paper designed 
sented by your electrocardiograph and subsequent and produced expressly for the manufacturer of 
proper diagnosis is manifested by the chart paper. your instrument. The cost of total assurance. 
If there's a chance the chart paper is lacking in simply isn't worth the few pennies substitutes may 
| quality or accuracy, an inaccurate recording may AYE: 
. t '.- well be the result. This message was prepared in the interest of better 


recording instrument performance by . . 
S HUA 
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| 100 East Kinney St.. Newark, N.J. 07105 . (201) 589-5970 : 
GUBELMAN CHART DIVISION _ 3037 East Maria St. - Compton Calif. 90220 . (213) 537-4250 
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‘hypertension puzzle 


The liver metabolizes 


r C» : d 


2-4 





significantly less aldosterone ? 
in hypertensives than in normotensives ? 


A significantly decreased hepatic MCR 
(metabolic clearance rate) of aldosterone, 
without significantly decreased SR (secre- 
tion rate), was demonstrated in approxi- 
mately 90 percent of a group of 56 patients 
with benign essential hypertension: 


Thus "Failure of the aldosterone SR to 
fully adapt to the decrease in MCR may be 
responsible for a relative state of hyper- 
aldosteronism in many patients with BEH 
[benign essential hypertension], even when 
the secretion and excretion rates are within 
normal range. 


“Itis conceivable that it is the mineralo- 
corticoid [aldosterone] excess that is 
leading to an increase of sodium content 
in the arteriolar wall and the hypertensive 
process itself, in many patients with ۵ 


Metabolic clearance of aldosterone in hypertensives 
and in normotensives* 


O O O O O Active aldosterone molecules 
OOOOO OOOOO 
OOOOO 





Normotensives 


OOO 


Hypertensives 


OOOOO 


*Schematic representation 


0 help control the 
srerone factor 
in essential 

hypertension 


Aldactazide 


(spironolactone 25 mg./hydrochlorothiazide 25 mg.) 











E Spironolactone blocks the pressor effect 
of aldosterone at the 0۳6۲0۱6, 3-5 and exerts 
natriuretic action in the distal renal tubule. 


E Hydrochlorcthiazide exerts additive 
antihypertensive effect through its action at 
0 different renal site. 


E Aldactazide helps maintain potassium 
balance-— without the need for potassium 
supplements— because the potassium- 
sparing action of spironolactone offsets 
the potassium-losing effect of hydro- 
chlorothiazide. 


References: 1. Genest, J., in Thorn, G. W., and Melby, J. C. (Editors): 
Aldosterone in Clinical Medicine, Medcom' ang Systems, New York, 
ی‎ Inc., 1972, pp. 64- 

2. Nowaczynski, W.; Kuchel, , and Gene est, 7 Shn Genest, J., and Koiw, E. 
(Editors); H pertension' 72, Berlin, Springer- Verlag, 1972, pp. 244-255. 

Crabbé, JA Acta Endocrinol. (Kbh) 47:4 19-432 (Nov.) 1964. 

à Liddle, G. W.: Arch. Intern. Med. 102: 998-1004 (Dec.) 1958. 
5. Liddle, G. W.: Ann. N.Y. Acad. Sci. 139:466-470 (Nov. 22) 1966. 
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DALLAS 
Dick Eldredge 
= 214-270- 6461 8 
1580 Eastgate Drive, Suite 315 - 
Garland, Texas 75041 


ATLANTA 
Robert H. Powell, Jr., 
— 404-633-8296 
. P.O. Box 49087 
Atlanta, Ga. 30329. 


LOS ANGELES - 
Julius | Starkman 
—~ 213-386-1852 ".u i6 v9 c 
520 S. Lafayette Park PL, Room 220. 
_ Los Angeles, Calif. 90057 
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clinical 
applications 


۰ Convenient,  handle-type 
probe.with positive 
capture slide 


۰ Designed for O.R. and 
cath lab use 

€ For rapid analysis of 
flow through exposed 
blood vessels - 


| ® Use with Biotronex. 
clinical 1 blood flowmeter 
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monitoring or investigative research 
requires a wide range of signal-handling 


Research- quality recording — instant data access 
use wherever clinical testing, extensive 


forms, and other physiological! signals 
of clinical interest. 
Since these modular, plug-in pre- 
amps are compatible with all HP re- 
corders using 8800 preamps, you can 
switch them from one system to another. 
Or, if you wish to buy one 8-channel 
np, PACKAR: 


capabilities. 
For more detailed information send 
for HP data sheets 7754 and 7758. 





HP 4- and 8-channel recorders have 
an exclusive “Hot Tip” thermal stylus 
which "writes" on flat Z-fold paper that 


is easy to read, speeds trace compari- 


I 











۱ sons and saves filing space. This long 
lasting stylus also produces more uni- 
form traces from all signals and through- 
out the recorders’ speed range from 0.5 recorder with only a few preamps, you 
to 200 mm/second. can add more or different preamps 
A choice of 16 different HP preampli- later to increase or change your record- 
fiers lets you record pressures, ECG, ing capability. HEWLETT 
Bundle of His electrograms, cardiac Choose from three system configura- 
tions: the benchtop recorder, the mobile Gales and service from 172 offices in 65 countr 
cart unit, or the full cabinet system — for Waltham, Massachusetts 02154 


output, blood flow, expired gas, heart 
sounds, pulse and respiration wave- 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains 2otassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in à cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or zorticosteroid therapy, 
digitalis intoxicatiom, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
shoul administered with caution and 
adjusted to the requirements of the indi- 
vidtial patient, sinoe the amount of defi- 
ciency and corresponding daily dose is 


The dru 








often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomitind, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 





AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


otassium chloride... 
astes good too! 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


Copen.... Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 


g of choice . 
for oral replacement - 
otassium is — 
otassium chloride 
lon. 
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